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I)  By  W.  LOWER  CARTER   M.A.,  P.G.a, 
ASD  WILLIAM  CASH,  *.G.S. 


OS     AN'oniElt    SECTION     IN    THE    SO-CALLED    IKTER-aLACIAL    QBAVELS 
OP  HI>LDERNE.-<S.      BV  THUMAil  SIIEPPAHD. 

Tile  Kelsej'  Hill  Gravek,  opeueil  several  years  ago,  ure,  I  think, 
well  kiumn  to  all  glaciiilists,  but  unrortiiiiatoly  tlitt  grnvel  pits  at 
which  Messrs.  I'hilliiis,  Wood  and  Home,  I'restwidi,  Heiil  and  othcn 
worked  are  now  to  a.  large  extent  over^troKii,  and  nearly  all  the 
sections  reconled  by  those  gentloiuen  are  no  longer  visible.  When 
the  fjravcls  first  began  to  uttrai't  the  attention  of  geologists  the 
general  oiiiiiinn  ivas  that  they  had  been  ilepositetl  during  a  mild 
inhr-ijl'iriid  jun-i'Hl,  tinrin^'  which  a  lower  l>od  of  boulder  clay  was  to 
some  extent  denuded,  and  the  range  of  i,'ravel  hills,  of  which  Kelsey 
Hill  is  one,  wasi  furm&l  ironi  the  malcrinl  wa-ilidl  ont  of  this  clay. 
The  scarcity  of  scratched  stones  and  other  .-iinilai*  evidences  of  iee- 
uctioii  being  the  yrountl  for  this  sn|i]iiisitioii  ■  The  few  ice- scratched 
boulders  noticed  had  the  scratches  alin.xst  entirely  obliterated,  and  it 
waa  thought  that  these  .atones  were  lir.st  enclosed  in  the  lower  boulder 
clay,  and  the  subseiincnt  ilcnudatimi  vtan  answerable  for  the  grooves 
being  removed. 

The  nitineroiis  animals,  nianiinoth.  'leer,  rhinoceros,  bison,  &c, 
the  roinains  of  which  were  found  in  the  graveU,  were  also  supposed  to 
be  the  inhabitants  of  this  area  during  the  time  between  the  two 
Glacial  Perioils. 
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2  SHEPPARD  :   IKTER-OLAGIAL  GRAVELS  OF   HOLDERNESS. 

More  recently  the  late  Professor  Carvill  Lewis  visited  these 
gravels,  and,  though  he  stated  that  there  was  a  lack  of  evidence  m 
support  of  an  inter-glacial  period,  he  expressed  the  opinion  that 
"  Kelsey  Hill  is  not  a  mound,  and  has  not  the  aspect  of  a  moraine,"* 
and  certainly  the  hills  in  question  do  not  present  the  characteristic 
appearance  so  lucidly  explained  to  some  of  us  at  a  meeting  of  the 
Glacialists*  Association,  held  at  Birmingham  last  December  (1894), 
when  Mr.  P.  F.  Kendall  gave  us  the  benefit  of  liis  work  on  the  York 
Moraines.t  In  the  "Geology  of  Holderness  *'  it  is  statedj  "  About 
half-a-mile  from  Kelsey  Hill,  in  the  north-east  continuation  of  the 
same  gravel,  there  are  two  small  pits  "  {i.e.  in  1885). 

The  object  of  the  present  paper  is  to  describe  the  sections 
exposed  by  more  recent  excavations,  and  to  discuss  by  the  aid  of 
this  new  information  the  views  expressed  by  earlier  observers. 

The  most  northerly  exposure  is  now  entirely  worked  out.  A 
small  section  showing  current-bedded  chalky  gravel,  with  shells  and 
foreign  stones,  capped  by  six  feet  of  reddish  boulder  clay,  was  all 
that  was  visible  last  summer  (1894).  The  frost  and  rain  of  the  past 
winter,  however,  by  causing  a  large  mass  of  boulder  clay  to  slip  over 
the  gravels,  have  entirely  covered  up  the  lower  portion  of  the  section, 
leaving  only  a  slope  of  boulder  clay  visible. 

The  other  pit,  locally  known  as  the  Burstwick  Gravel  Pit,  has 
been  steadily  enlarging :  the  excavation  of  material  for  the  light- 
house recently  erected  at  Withernsea  has  greatly  helped  to  give  the 
section  its  present  size. 

The  Burstwick  Hill  is  broader  than  those  of  the  same  range  to 

the  north  and  south,  and  it  has  a  flat  top     The  section  is  cut  in 

from  the  eastern  side  of,  and  roughly  at  right  angles  to,  the  line  of 

hills. 

The  gravel  here  is  very  similar  to  that  at  Kelsey  Hill,  and 

displays  a  similar  variability  in  diflferent  parts  of  the  pit.     Towards 

the  western  side  it  is  mainly  sand,  with  a  tongue  of  boulder  clay 

intercalated  in  it  in  a  most  remarkable  manner  (A  1).     This  boulder 

clay  is  of  a  very  red  colour,  has  a  peculiar  serpentine  form,  is  not 

♦Glacial  Geoloffy  of  Great  Britain  and  Ireland,  p.  221. 
tSee  also  the  GlaciatioD  of  Yorkshire.     Proc.  Yorksh.  Geol.  and  Polyt.  See., 

vol.  xii.,  p.  306  (1893).  t  Page  66. 
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more  than  a  foot  tiitck  anywhere,  and  has  a  total  exposed  length  of 
some  eight  feet.  Just  at  tlie  east  of  this  Beveral  thin  seams  of 
boulder  clay  are  seen  intersecting  the  gravel  and  sand,  in  a  net-like 
fashion  {A  2).  'i'hia  boulder  clay  exactly  renembles  the  tongue  just 
described,  though  it  is  only  in  thicknesses  of  one  to  fuur  inches,  and 
the  layers  are  bent  and  twiat«d  in  and  out,  following  the  curves  of 
the  sand  and  gravel.  These'  seams  of  boulder  clay  are  generally  near 
the  surfice,  and  do  not  thrust  into  the  gravel  to  the  extent  the 
previously  mentioned  tongue  does. 

A  little  further  to  the  east,  where  the  height  of  the  section  is 
about  20  feet,  it  has  the  following  singular  appearance  : — 

(a)  Tlie  bottom  consists  of  slightly  inclined  chalky  gravel,  then 

(b)  About  one-third  up  is  a  layer  of  almost  horizontally-bedded  gravel 

nearly  a  foot  thick,  light  coloured,  and  consisting  of  e!tcee<lingly 
fiue  particles,  with  a  very  large  perceiitiige  of  comminuted  shells, 
which  have  the  appearance  of  having  been  subjected  to  great 
pressure,  as  they  are  broken  into  pieces  iilmost  too  small  tu  be 
specifically  identified,  no  doubt  resembling  the  small  crumb-like 
fn^ments  sometimes  observed  in  the  Drift  Hills  of  Flambro' 
Head.'  Immediately  above  this  layer,  and  resting  on  it  at  a 
high  angle,  are 

(c)  About  three  feet  of  coarse,  earthy,  ferruginous  gravel,  with  a  few 

shells,  which,  however,  occur  in  fairly  good  condition. 
{d)  Above  this  there  is  a  large  mass  of  current-hetlded  sand,  con- 

tMning  a  fen  lenticular  patches  of  gravel,  with  the  thin  seams 

of  boulder  clay,  previously  alluded  to,  near  the  top,  and  the 

whole  is  surmounted  by 
(e)  A  few  inches  of  soil,  probably  weathered  boulder  clay. 

This  is  a  fair  example  of  the  appearance  of  the  series.  In 
some  places  layers  of  coal-Hke  material  are  seen  in  the  sand  (C  2). 
There  are  too,  here  and  there,  large  masses  of  gravel  firmly  cemented 
together  in  the  form  of  conglomerate  (B  1),  the  decomposition  of 
ironstone  pebbles  possibly  supplying  the  cement.  In  these  patohes 
each  pebble  has  a  ferruginous  coating,  which  renders  the  identifica- 
tion of  the  rock  itself  impossible  without  the  aid  of  the  hammer. 
•Drifta  of  ilambro'  Uaad.  Quart.  Jouro.  QwL  Soc.,  voL  ilva,  p.  308.71891)7 
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Occasionally  pebbles  are  cemented  together,  though  in  smaller 
masses,  by  a  calcareous  cement.  The  stones  in  this  case  have  a 
coating  of  lime,  which  has  in  all  probability  been  derived  from  the 
weathering  of  chalk  or  other  limestone  boulders  above.  As,  however, 
the  chalk  and  other  pebbles  in  this  pit  have  a  very  fresh  appearance, 
I  was  at  first  disinclined  to  regard  this  explanation  as  satisfactory, 
until  recently,  when  searching  above  one  of  these  clusters  of  lime- 
coated  stones,  I  had  the  fortune  to  find  a  boulder  of  chalk  in  a 
partially  dissolved  condition. 

Now  with  regard  to  the  stones  :  we  have  here  as  great  a  variety 
of  rocks  as  could  be  hoped  for  in  so  small  an  area.  The  gravel 
consists  mainly  of  small  stones,  varying  in  size  from  that  of  a  pea  to 
that  of  an  egg ;  the  larger  boulders  are  generally  found  in  layers, 
both  pebbles  and  boulders  in  nearly  all  cases  being  well  rounded. 

There  are  several  boulders  of  gneiss,  granite,  &c.,  used  as  curbs, 
in  the  village  of  Burstwick ;  no  doubt  some  of  them  have  been 
obtained  from  this  pit.  The  following  is  a  list  of  the  rocks  found 
here,  in  order  of  prevalence,  those  at  the  latter  part  of  the  list 
occurring  only  occasionally  : — 

Chalk  and  Flint  (British,  with  Belemnitella  quadrata). 

Lias  (with  Ammonites  communis  and  GryphsB  incurva). 

Ironstone  ( ?  Liassic). 

Black  Flint  (Foreign). 

Pink  Flint  (Danish). 

Carboniferous  Limestone  (Teesdale). 

Brockram  (Permian  conglomerate,  from  Vale  of  Eden). 

Porphyrite  (from  Fredericks vaarn). 

Quartz-porphyry  (Armboth  dyke). 

Basalt  (Teesdale). 

Quartzite. 

Rhomb-porphyry  (Norwegian). 

Red  Granite  (Norwegian  ?). 

Gneiss  (Norwegian  ?). 

Lava  (Lake  District). 

I  have  not  yet  been  successful  in  finding  a  piece  of  Shap  Granite 
here,  nor  can  I  find  any  record  of  its  having  been  noticed. 
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Several  of  the  chalk  boulders  are  well  rounded  and  bored  with 
Clionte  and  Pholas  crispaf-a.  The  holes  in  the  pebbles  occasionally 
contaiu  the  shells  in  a  perfect  state  of  preservation,  though  some- 
times sand  takes  the  place  of  the  shells.  Olher  chalk  pebbles  are 
cracked  from  the  centre  outwards,  in  a  similar  manner  to  the 
cracks  seen  in  septarian  nodules. 

The  boulders  of  gneiss  and  schist  are  occasionally  very  rotten, 
breaking  into  powder  at  the  stroke  of  the  hammer.  Some,  however, 
are  aa  fresh  aa  if  recently  broken  from  the  heart  of  a  large  block. 
No  doubt  the  former  boulders  would  be  partially  decomposed  before 
being  torn  up  from  the  floor  by  the  ice. 

There  are  no  well-marked,  ice-scratched  atones.  One  or  two, 
however,  have  been  noticed,  although  the  scratches  were  nearly 
obliterated  owing  apparently  to  the  pebbles  having  been  rolled  in 
water. 

Whilst  digging  at  the  gravel  in  almost  the  centre  oi  the  pit,  at 
a  depth  of  16  feet,  1  unearthed  a  boulder  of  rhomb- porphyry  (,a 
characteristic  Norwegian  rock),  well  rounded,  and  about  six  inches 
long  and  four  inches  wide.  The  position  of  this  boulder,  16  feet 
from  the  surface,  and  in  central  Holderness,  six  miks/rom  the  saa,  is 
a  good  case  wherewith  to  test  Sir  H.  H.  Howortli's  hypothesis  that 
these  Norwegian  boulders  had  been  brought  over  to  England  as 
anchors  by  the  evidently  exceedingly  industrious  Vikings.  See 
Natwrt,  May  24th,  1894.'^ 

The  Shells. — These  are  found  in  diflferent  quantities  and  in 
various  conditions  (though  they  all  have  a  waterworn  appearance) 
in  all  parts  of  the  pit.  As  already  stated,  in  some  places  they  are 
represented  by  minute  fragments,  whilst  iu  others  they  are  pre- 
served whole.  Cyrena  flumiiialis,  Cardium  edule,  Tellina  balthica, 
Ostrea  edulis,  and  Buccinum  undatum  can  be  found  in  plenty.  It 
will  thus  be  seen  that  the  shells  here  reseinblc  those  found  at  Kelsey 
Hill,  both  in  species  and  numbers,  though  they  are  slightly  different 
in  the  matter  of  relative  prevalence. 

*  Since  the  reading  of  the  [m[)er  I  have  foiitid  another  oiample  oE  rhomb- 
porphyry  of  even  larger  tliroenBiong  in  the  undisturbed  gravel  Tha  find  can 
be  attested  bj  several  members  of  the  Hull  Scientific  Club,  who  saw  the  stone 
projocting  from  the  face  of  the  section  1^  feet  from  t^e  top,  and  firmly  fi;ced 
ID  u>e  ferrugiDOOB  conglomerate  beEora  mentioaed. 
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The  following  is  a  list  of  the  shells  I  have  been  able  to  obtain 
up  to  the  present.  I  do  not  doubt  but  that  a  more  careful  search 
will  bring  to  light  almost  the  whole  of  those  that  are  recorded  from 
Kelsey  riiU.-^' 

CONCHIFBRA. 

Astarte  borealis,  Chemn, 

Cardium  cdule,  L 

Cyprina  islandica,  Lam, 

Cyrena  (Corbicula)  fliiminalis,  Midler, 

Mactra  solida  (var.  ovalis),  L. 

„       subtruncata,  Da  C. 
Mya  truncata,  L. 
Mytilus  edulis,  L, 
Ostrea  edulis,  L, 
Pholas  crispata,  L. 
Tapes  decussata,  L, 
Tellina  balthica,  L, 

Gasteropoda. 
Buccinum  undatum,  L, 
Fusus  (Trophon)  antiquus,  L, 

„      scalariformis  (clathrata),  Goidd. 
Littorina  littorea,  Linn, 
Nassa  reticulata,  L. 
Natica  clausa,  Brod.  and  Sow. 
Pleurotoma  turricula,  Mont. 
Purpura  lapillus,  Z. 
Scalaria  communis,  Lam. 
Turritella  t-erebra,  L, 

SOLENOCONCHIA. 

Dentalium  entalis,  L. 

CiRRIPEDIA. 

Balanus  crenatus,  JJrng. 

Cyrena  fluminalis  is  one  of  the  most  plentiful,  and  is  by  far  the 
best  preserved,  as  nearly  every  specimen  is  perfect,  but  it  is  worthy 
of  not^  that  I  have  never  found  an  example  with  the  valves  in 

•  Geology  of  Uolderness.     Page  70. 
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apposition,  and  I  cannot  find  that  any  each  specimen  has  been  taken 
in  this  neighbourhood. 

The  occurrence  of  this  fresh-water  shell,  mixed  with  the  marine 
shells  in  these  gravels  bns  been  the  subject  of  much  controversy, 
and  has  frequently  been  the  cause  of  rather  heated  discussions 
Amongst  local  geologists.  A  careful  search  through  the  literature  on 
the  subject  showed  that  the  presence  of  this  shell  had  several  times 
been  recorded,  but  in  not  one  single  instance  have  i  been  able  to  Sad 
a  satisfactory  explanation  of  the  same.  In  order  to  get  this  I  was 
requested  to  write  to  Mr.  P.  F.  Kendall,  and  his  reply  to  the  com- 
luunicaCioQ  was  gratifying  to  us  all.  As  the  purport  of  this  letter 
ba.^  not  previously  been  made  public,  the  present  seems  a  very  fitting 
opportunity  for  quoting  it,  more  especially  as  it  is  so  relevant  to  the 
immediate  purpose  of  this  paper. 

"Cyrena  llumiualis  is  in  two  ways  a  puzzling  shell:  it  is  odd  that 
its  occurrence  should  be  so  limited,  and  it  is  still  more  strange  that  a 
shell  at  present  so  strictly  southern  in  rau|;;c  should  occur  in  such 
profusion  in  a  glacial  deposit" 

"First,  as  to  its  limited  glacial  range  in  Yorkshire.  I  think 
that,  as  Clement  Reid  suggests,  there  may  be  some  connection 
with  the  gap  in  the  Wolds.  At  the  present  day  the  shell  is  of 
fluvifttile  habitat,  and  probably  was  mainly  so  in  glacial  times,  but 
iivalve  shells  are  not  carrind  out  to  sea  in  large  numbers  by  modem 
rivers,  and  therefore  Reid's  explanation,  taken  by  itself,  will  not 
account  for  the  profusion  of  these  shells  intermingled  with  true 
marine  species.  No  more  will  it  account  for  tlie/orm  of  the  mounds 
in  Holderness.     Tliese  are  not  marine  but  glacial  features." 

"  Now  for  a  suggestion.  We  have  every  reason  to  believe  that 
H(jldemess  was  invaded  again  and  again  by  the  oscillating  ice-front. 
Between  a  retreat  and  an  advance  there  would  be  left  a  tract  of  land 
with  many  lakelets.  May  not  Cyrena  have  inhabited  some  of  these, 
and  been  involved  at  the  ue.\t  invasion  with  the  marine  shells 
dragged  up  by  the  ice  ?  That's  one  suggestion.  Another,  and  to 
nic  more  probable  hypothesis  is  that  these  shells  belong  to  a  period 
before  the  first  advance  of  the  Norse  Ice.  At  this  time  the  old 
Bumber  would  debouch  somewhere  on  Holderness  (there  would  be  a 
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great  beach  and  other  deposits  along  the  coast  then  which  may  haye 
modified  the  estuary),  and  in  its  estuary  the  Cyrena  would  flourish 
among  tome  marine  shells  as  the  genus  flourished  in  Eocene  times  in 
the  south  of  England  among  oysters  and  other  marine  species.  Now 
bring  in  the  ice  with  its  entangled  marine  shells,  mingle  the  whole 
together,  and  you  have  the  Kelsey  Hill  Gravels  as  the  washings.  It 
is  worth  bearing  in  mind  that  there  is  evidence  that,  at  some  period 
before  the  ice  invasion,  the  country  stood  higher  than  at  present  and 
therefore  the  mouths  of  rivers  would  stand  further  seaward." 

**  Now  as  to  the  value  of  the  shell  as  evidence  of  climate.     The 
oft-cited  case  of  Cyrena  fluminalis  has  long  been  regarded  as  one  of 
the  most  conclusive  proofs  of  a  warm  inter-glacial  period  in  Holder- 
ness,  as  in  other  parts  of  England.    You  will  find  in  all  text  books 
the  statement  that  the  species  occurs  in  the  Nile,  the  implication 
being  sometimes  explicitly  stated  that  it  is  found  nowhere  else. 
Were  this  actually  the  case  the  shell  would,  I  think,  undoubtedly 
fiirnish  evidence  hard  to  controvert  of  the  prevalence  of  a  warm 
climate  in  Britain  at  the  time  when  Cyrena  fluminalis  was  an  inhabi- 
tant of  our  rivers.    It  has,  however,  long  been  known  to  conchologists 
that  the  species  lives  in  the  rivers  of  Sicily,  a  fact  of  great  significance, 
as  many  of  the  Sicilian  streams  are  fed  by  melting  snow,  and  are 
therefore,  at  certain  times  of  the  year,  but  little  above  freezing  point. 
A  yet  more  important  extension  of  the  known  range  of  the  shell 
however  has  been  brought  under  my  notice  by  Mr.  J.  W.  Taylor,  of 
Leeds.     He  says  : — *  It  would  seem  to  be  a  general  inhabitant  of 
'  N.E.  Africa  and  Central  and  Western  Asia  ;  these  latter  are  on  the 
*  authority  of  Professor  von  Martens,  one  of  our  very  best  concholo- 
'  gists.  (Samarcand  and  the  River  Oxus  are  two  places  mentioned).*  " 
"  We  have  here  a  series  of  facts  which  in  my  judgment  quite 
dispose  of  Cyrena  fluminalis  as  evidence  of  an  inter-glacial  period  or 
of  warm  condition.     Though  it  is  the  custom  to  regard  the  arid 
deserts  of  Turkestan  as  regions  of  torrid  heat,  it  must  not  be  forgotten 
that  they  experience  winters  of  great  severity,  and  an  examination 
of  the  "Challenger"   charts  shows  that  the  January  isotherm  of 
30 ^F.  passes  a  little  to  the  northward  of  Samarcand,  which,  therefore, 
has  a  winter  similar  in  severity  of  cold  to  that  of  Cape  Farewell,  the 
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soathemmoat  extremity  of  Greenland,  and  to  that  of  the  south  coast 
of  Iceland." 

"  These  facts  harmonise  entirely  with  the  opinion  which  I  formed 
long  ago,  based  upon  the  fact  that  at  Crayford  shells  of  Cyrena  fluini' 
niilis  are  found  in  the  same  deposits  of  Brick  Earth  that  have  yielded 
remains  of  the  Mammoth,  tlie  Woolly  fthinoceros,  and  the  Muak  Ox, 
and  I  have  myself  found  them  in  the  same  inch-thick  layer  that 
yielded  me  dozens  of  bouet  and  teeth  of  the  Siberian  Vole,  Arvicola 
ratttceps." 

Mammalian  Remains.  —  At  one  of  the  Field  Excursions  of  the 
Hull  Scientific  Club  in  this  neighbourhood  two  or  three  years  ago, 
one  of  the  members  obtained  two  pieces  of  bone  from  the  workmen, 
which  at  that  time  were  thought  to  be  the  remains  of  the  Mammoth. 
This  find  impelled  me  to  pay  regular  visits  to  this  and  other  gravel 
pits  in  the  district,  which,  however,  until  recently,  were  without 
much  result. 

During  the  past  winter  on  calling  here,  the  men  had  saved  for 
me  a  vertebra  of  Oervus  megnceros,  a  piece  of  horn  of  a  ruminant 
which  we  cannot  at  present  identify,  and  another  piece  of  boue.  I 
was  also  told  that  Mr.  Webb,  of  Burstwick,  had  several  bones  from 
these  gravels,  and  on  going  to  see  that  gentleman,  he  kindly  handed 
them  over  to  me,  with  the  exception  of  the  right  rmiiiis  and  ulna  of 
a  horse  (Equus  cnbalKis).  As  tlieso  latter  specimens  have  a  fresh 
appearance,  with  all  the  articular  surfaces  preserved,  and  they  are 
neither  waterworn  nor  do  they  possess  the  peculiar  red  colour  so 
characteristic  of  the  boues  found  in  these  gravels,  I  am  inclined  to 
think  that  they  have  nothing  whatever  to  do  with  the  gravels,  but 
belonged  to  an  animal  which  lived  at  a  comparatively  recent  date  ; 
more  especially  fis  they  verejnitml  near  the  aurjace. 

The  other  specimens  are  chiefly  small,  and  in  a  very  fragmentary 
condition.  They  consist  mainly  of  parts  of  ribs  and  other  equally 
undeterminable  portions,  some  of  which  are  so  much  waterworn  as  to 
resemble  pebhtes. 

At  the  beginning  of  this  year  on  visiting  the  pit,  I  was  fortunate 
enough  to  find  the  left  radius  and  ulna  of  Bos  tanrus.  This  I  took 
from  the  gravel  close  to  the  floor  of  the  pit.     Inside  this  specimen 
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was  a  small  quantity  of  light-coloured,  plastic  clay,  totally  different 
from  the  neighbouring  boulder  clay.  Tliere  is  also  a  peculiar  mark 
in  the  centre  which  appears  to  have  been  made  by  the  tooth  of  some 
carnivore.  It  is  also  fractured  inside  as  though  partially  bitten 
through.  There  are,  too,  several  small  marks  on  the  face  of  the  bone 
which  give  it  the  appearance  of  having  been  gnawed.  The  conditions 
under  which  the  specimen  was  found  render  it  impossible  for  it  to 
have  been  struck  by  the  workmen.  The  dendritic  markings  of 
manganese  covering  the  impression  also  seem  to  indicate  that  the 
indentation  in  the  bone  was  made  prior  to  its  deposition  in  the 
gravel.  The  upper  part  of  the  ulna  is  broken  away  just  opposite 
the  mark,  and  appears  to  have  been  torn  off  by  the  same  bite  as 
made  the  indentation. 

It  would  seem  probable,  therefore,  that  this  bone,  after  having 
oeen  gnawed,  had  been  left  in  the  bed  of  a  stream  or  on  the  beach 
(in  a  similar  manner  to  those  described  by  Mr.  Lamplugh  when  the 
Sewerby  Cliff  (iravels  were  opened)  ■'  to  be  finally  lifted  up  by  the  ice, 
along  with  the  other  material  from  the  beach,  and  deposited  at 
Burstwick.f  It  will  be  noticed  that  the  mammalian  remains  are  only 
found  in  those  hills  south  of  Bridlington. 

The  following  is  a  list  of  the  animals  whose  remains  have  been 
found  in  the  Burstwick  Pit : — 

Cervus  megaceros.  Bos  primigenius. 

„      elephus.  „    taunis. 

Ilyjoiia  (?).     (Indicated  by  gnawings.) 
These  have  been  identified  by  Mr.  H.  M.  Platnauer,B.Sc.,  A.R.S.M., 
who  states  that  there  are  also  remains  of  at  least  three  other  species 
of  animals  not  yet  identified. 

The  workmen  tell  me  that  bones  are  generally  found  when  they 
dig  deep  down  into  the  gravel. 

The  Bould^'  Chiy.—On  the  western  side  J  of  this  pit  there  is  a 
bed  of  reddish  boulder  clay  (A),  containinp^  very  few  pebbles.     It  is 


♦  Proc.  Yorksh.  (Jeol.  and  Polyt.  Soc,  1887,  Buried  Cliff  at  Sewerby,  p.  381. 

t  These  bones  may  have  been  left  by  the  animals  inhabiting  this  region  during 

the  oscillation  of  the  ice-front. 

X  Since  the  paper  was  read  the  boulder  clay  has  been  exposed  on  the  eastern 

side  of  the  pit,  capping  the  gravel. 


sniPPARD:    INTER-GLACIAL    GRAVELS    OF    llnLDERNESS.  11 

.-ibout  eii(lit  feet  thick  and  re.^ts  on  the  grave],  Itiiurcatin;:^  tnwanls 
the  ea.st,  one  tongue  thinning  out  on  the  top  of  the  gravel,  and  it 
may  be  that  the  tongue  of  red  boulder  clay  in  the  sand  previously 
mentioned,  is  part  of  the  lower  portion  of  this  bed,  although  at 
present  it  is  impossible  to  ascertain  definitely. 

This  red  boulder  clay  is  not  nearly  so  compact  as  the  purple 
boulder  clay  of  the  coast  nor  the  basement  clay  of  Bridlington  and 
Dimlington,  and  the  view  has  been  put  forward  by  some  glacialists 
that  it  may  be  "  the  residuum  left  behind  on  the  melting  of  a  sheet  of 
ice  charged  with  clay  and  stones."*  The  fact  that  this  clay  is  exposed 
more  to  the  weather  may,  however,  partly  account  for  its  being  more 
friable  than  the  underlying  boulder  clays.  On  the  other  hand,  the 
superior  hardness  of  the  other  clays  may  perhaps  be  due  to  their 
having  been  subjected  to  a  greater  pressure  of  superincumbent  ice 
during  or  since  their  formation. 

Mr.  Lamplugh's  explanation  will  account  for  the  peculiar 
manner  in  which  the  clay  flanks  the  gravel,  and  also  explains 
how  it  is  that  this  red  boulder  clay  (the  Hessle  Clay  of  Wood  and 
Rome)  extends  beyond  the  limit  of  the  rest  of  the  drift.f 

The  various  boulders}  found  in  the  gravel  seem  to  indicate  that 
the  Norweigan  ice-sheet  on  coasting  along  our  shores  first  passed  the 
mouth  of  the  Tees  (the  Teesdale  Glacier  having  brought  down  Shap 
granite,  Armboth  dyke,  Brockrara,  Carboniferous  Limestone,  &c.) ; 
then  the  Lias  of  Whitby  (from  which  the  Ammonites  and  Gryphae 
incurva  were  obtained),  afterwards  tlie  Clialk  at  Flambro',  and  then 
dragged  with  it  the  greater  part  of  tlie  beach  of  tlie  pre-glacial  Bay 
of  Holderness,  with  its  pholas-bored  chalk-pebbles,  bones,  &c.,  and 
finally  deposited  the  whole,  mixed  with  tlie  Scandinavian  rocks  and 
marine  shells,  together  with  the  fresh-water  Cyrena,  so  as  to  form  the 
range  of  hills  stretching  from  Flambro'  to  Paiill  and  on  into  Lincoln- 
shire, this  being  its  terminal  moraine. 

*  Lamplugh,  Drifts  of  Flambro'  Head.     Quart.  Journ.  Geol.  Soc., 

vol.  xlvii.,  p.  424,  (1891). 

t  Ibid.     Pago  424. 

X  Of  course  some  of  these  boulders  were  probably  scattered  over  a  sea  bottom 
before  being  picked  up  by  the  ice-sheet.  See  Quart.  Journ.  Geol.  Soc.,  sup. 
dt.,  p.  410. 
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Mr.  Lamplugh  seems  to  be  of  opinion*  that  the  Teesdale  Glacier 
skirt«d  along  our  coast  during  a  retreat  of  the  Norse  ice  (the  front 
of  this  ice-sheet  diverting  the  Teesdale  Glacier's  course  soiitbvards]. 
The  opinion  ia  also  expressed,!  however,  that  having  regard  to  the 
enonnous  time  the  Norwegian  glacier  would  take  to  reach  England, 
the  IrisJi  Sea  would  have  hail  ample  time  to  have  been  choked  with 
ice,  thus  diverting  the  tee  from  the  Lake  District  dovn  the  Valley  of 
the  Tees,  which  would  carry  with  it  the  Shap  granite  and  other 
rocks  be/ore  the  foreigner  reached  us. 

Regarding  pccidiar  beds  of  carbonaceous  matter  seen  in  the 
sand  Mr.  Lamplngh  wrote  that  perhaps  "  the  sea  was  not  entirely 
excluded  from  the  old  bay,  and  in  some  pUces  laved  the  edge  of  the 
glacier  .  .  .  just  as  the  aea  re-sorts  the  morainic  and  fresh- 
water gravels  on  the  flanks  of  the  Muir  and  other  glacieis  in 
Alaska,"} 

The  current-bedding  in  the  gravels  would  easily  be  accounted 
for  by  the  water  flowing  from  tJie  ice-front ;  or  the  sea  washing 
against  them  {as  already  mentioned),  and  the  boulder  clay  being  both 
iinderll  and  above  the  gravels  seems  to  indicate  that  the  gravels  have 
been  over-ridden,  perhaps  more  than  once,  by  the  oscillating  ice- 
frout.  The  thin  beds  of  boulder  clay  mixed  in  the  gravel,  together 
with  the  kiieaded-out  aspect  of  the  hills,  also  favour  this  view. 

The  fact  that  this  is  a  terminal  moraine  does  not  indicate  that 
it  represents  the  limit  of  the  Norse  ice,  nor  is  it  of  necessity  the  only 
moraine  of  this  glacier,  as  we  have  good  reason  to  believe  that,  like 
the  Vale  of  York  glacier,  this  Norwegian  ice-sheet  has  left  us  more 
than  one  moraine,  as  monuments  of  its  former  existence. 

Tlie  contour  of  the  Holdemess  Hills  is  very  striking  and  totally 
different  from  anything  else  in  the  country.  Here  and  there  are 
ellipsoidal  hills,  generally  about  fifty  feet  in  height,  occasionally 
quite  dotat-hcd,  and  once  or  twice,  as  at  Burstwick,  two  hills  appear 
to  have  been  kneaded  into  one,  although  this  appearance  may  be  due 

*  Lnm[j1ugh,  Drifts  uf  Ftambro'  Head.     Quart.  Jourti.  Geol.  Sac., 

vol.  xlvii.,  p.  434,  (1B9II. 

+  Kundoll,  tiluciation  of  Yorkshire.     I'roc  Yoiksh.  Geol,  ond  Polyt.  Soc, 

vol.  xii.,  p.  315. 

J  Drifts  of  Flnmbro'  Head.     Page  422, 

II  Indicated  by  borings. 
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to  one  hill  haviDg  been  flattened  out.  Swamp  hollows  are  enclosed 
smongst  these  hills.* 

A  few  worda  may  not  be  out  of  place  here  on  the  subject  of  the 
vexed  question  of  a  marine  snbrnergeuce  during  an  inter-glacial  mild 
period.  In  the  first  place  the  fact  that  these  gravel  mounds  repeat 
the  features  of  and  are  a  continuation  of  the  moraine  of  Flambro' 
Head  is  a  strong  argument  ngainst  their  marine  origin.  The  inter- 
calation of  boulder  clay,  a  material  quite  unlike  any  modem  marine 
deposit  of  the  Arctic  seas,  is  another  fact  which  tells  strongly  against 
this  hypothesis.  Then  there  are  the  further  difficulties  that  no 
beachoR  or  marine  deposits  hare  been  found  on  the  Chalk-wolds,  or  in 
the  country  west  of  the  Wolds,  where  they  should  occur  on  the 
asaumption  of  a  submerf^ence. 

It  may  be  noted  that  Mr.  Clement  ileid  recognised  this  difficulty 
when  he  put  on  his  map  of  Inter-glacial  Holdernesat  the  words  "  No 
fosdiliferous  marine  gravels  yet  known  over  this  area."  I  have 
italicised  the  word  "  yet "  for  Mr.  Ileid  seems  to  imply  that  such 
gravels  probably  exist  though  they  have  not  yet  been  found.  It  does 
not  appear  to  me  probable  that  after  the  mapping  of  the  wliole  area 
both  fur  Drift  and  Solid  by  Mr.  Reid  and  his  colleagues,  togetlier 
with  the  careful  work  of  many  other  observers,  has  failed  to  detect 
any  sign  of  marine  action,  that  there  is  much  probability  in  the  sug- 
gestion that  marine  fossiliferous  gravels  will  be  found.  The  hills  of 
the  Burstwick  range  have  the  disposition,  composition,  and  contents 
which  have  been  described  as  cliaracterising  other  moraines,  and 
saving  the  occurrence  of  shells  they  have  none  of  the  features  of  a 
marine  deposit. 

Ad  to  the  shells  themselves,  I  am  given  to  understand  that 
saving  Corbicnla  fluminalis  they  constitute  a  fairly  natural  assem- 
blage, but  their  condition  is  conclusive  proof  that  they  did  not  live 
where  we  find  them,  and  the  many  evidences  which  have  been 
described  by  Mr.  Lamplugh,  Mr.  Reid  and  others,  of  the  transport  of 
shells  by  glacier-ice  and  their  inclusion  in  morainic  deposits,  justifies 
me  in  rejecting  them  as  evidence  of  the  marine  origin  of  tliese  deposits. 

•  See  Keudall'n  Glacial  Geolojjy  of  Isle  of  .Vlaii,  Yn  Lior  i\]a[inin.igh.  vol.  i. 

No.  I'J,  p.  9,  1894,  for  d«biiition  of  Mrmiaal  moraine  of  an  Ice-sbeet. 

t  G«otogy  of  HoIderneM,  p.  6S. 


u 
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If,  as  pointed  out  in  Mr.  Kendall's  letter,  the  ice-sheet  oscillated 
over  this  area  repeatedly,  then  it  is  quite  conceivable  that  Cyrena 
flaminalis  may  have  lived  either  in  lagoons  amongst  the  moraines,  or 
perhaps  even  during  the  many  deviations  in  the  coarse  of  the 
Ilumbcr,  produceil  by  morainic  obstructions,  they  may  have  lived  in 
a  portion  of  that  river  itself  when  it  flowed  across  the  site  of  the 
present  Ilolderness. 

Mr.  Reid  has  pointed  out  in  the  case  of  Kelsey  Hill  that  it  lies 
directly  opposite  the  gap  in  the  Wolds  through  which  tlie  Humber 
flows  and  probably  flowed. 

Granted  that  these  shells  were  either  inhabitants  of  the  area  or 
that  they  were  washed  out  to  sea,  their  iuclusion  amongst  the 
shoved-up  contents  of  these  Burstwick  gravels  is  easily  explained. 
It  may  be  worth  noting  that  the  species  has  been  found  in  the  truly 
marine  Red  Crag,  but  there  is  associated  with  beautifully  preserved 
marine  shells  with  paired  valves,  which  obviously  lived  on  the  spot 

In  conclusion,  I  may  be  allowed  to  sincerely  thank  Mr.  Kendall 
for  permission  to  make  use  of  his  letter,  as  well  as  for  valuable 
assistance  in  other  directions  ;  and  also  Mr.  Platnauer,  who  was  put 
to  no  small  amount  of  trouble  in  identifying  the  mammalian  remains. 
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lietid  SGtk  April,  1805. 

Although  many  accounts  uf  the  gl.iciation  of  different  parts  of 
this  county  have  appeared  from  time  to  time,  very  little  has  been 
writteo  of  its  great  ceutral  valley.  Alhisioiis  to  the  district  liave 
frequently  beeD  m.idft  in  treating  of  larger  areas  ;  but  until  quite 
recently,  as  far  as  1  am  aware,  no  one  has  attempted  to  describe  or 
e^plain  iu  a  comprehensive  niantier  the  peculiar  nature  of  the  glacial 
beds  of  the  neiglibourhood.  'J'his  ib  the  more  to  be  wondered  at,  as 
the  features  assumed  by  the  drift  around  York  are  some  of  the  most 
striking  nnd  remarkable  of  any  part  of  England. 

In  the  Explanations  of  the  Geological  Survey,  published  between 
1873  and  1886'*,  a  general  description  is  given  of  the  boulder  clays, 
s;uid.4,  and  gravels  that  occur  throughout  the  Vale  of  York  ;  but,  this 
not  being  tlie  place  to  enter  into  controversial  subjects,  merely  a 
description  of  the  beds  is  given  sufficient  to  explain  the  maps  without 
any  theory  being  propounded  to  amount  for  the  manner  of  their 
distribution. 

In  J881  Mr.  Clark  commnnicated  a  paper  to  this  Society  in 
which  he  gave  a  very  detailed  account  of  the  glacial  sections  that 
were  exposed  in  and  aromid  the  City  of  York,  and  attributed  the 
deposition  of  the  beds  chiefly  to  the  agency  of  Boating  ice.t 

It  waa  not,  however,  till  last  year  that  a  fairly  comprehensive 
study  of  the  glaciation  of  the  district  appeared,  firstly  in  the  notes  of 
the  late  Prof.  Carvill  Lewis,  published  posthumously  ;t  and  secondly, 
in  an  important  paper  given  to  this  Society  by  Mr.  Kendall. ||  In  the 
first  of  these  Prof.  Lenis,  although  hia  notes  were  hastily  made 
during  a  rapid  traverse  of  tlie  country,  appears  to  have  at  once 
grasped  the  main  features  of  the  district,  and  accounts  for  their 

■  Memoirs  ot  the  Geological  Survey.  Explanation  ot  our  publiBhed  Maps, 
93  X.W.  ;  g.'i  N.E,  ;  93  S.E.  :  %  N.W.  and  S.W.  :  nmi  104  8,\V.,  S.E. 

t  'iliM;inl  SectionB  at  York,  and  their  relntion  to  later  Deposits,  by 
J.  Edmund  Clark.     Proc.  Yorkuh.  (JooL.  Soc.,  vol.  vii..  uii.  421-431).  1381. 

*  l'ii|iers  and  Notes  on  the  Ulucial  Geology  of  Grt 
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formation  in  a  manner  which  fits  in  satiBfactorily  with  the  main 
facts  of  the  case.  The  chief  points  of  his  argument  were  that  there 
was  only  one  glacial  period  during  which  there  were  several  large 
glaciers  that  covered  the  northern  part  of  these  islands,  but  which 
did  not  extend  so  far  south  as  had  been  supposed  by  previous 
observers.  The  deposits  occurring  t^)  the  south  of  this  were 
attributed  to  floating  ice,  and  were  supposed  to  have  been  laid  down 
in  a  series  of  extra-morainic  lakes  that  covered  a  large  part  of  the 
central  and  eastern  counties.  This  large  ice-sheet  or  series  of  glaciers 
descending  from  the  north,  the  exact  origin  is  immaterial  to  the 
present  enquiry,  was  separated  into  several  streams,  the  courses  of 
which  are  clearly  marked  by  the  distinct  character  of  the  erratics 
which  they  contain.  The  most  easterly  of  these,  coming  from  Scan- 
dinavia, impinged  against  the  English  coast,  and  was  deflected  by  it 
as  far  south  as  the  northern  part  of  Lincolnshire ;  while  another 
coming  from  Scotland  by  way  of  the  Irish  Sea  was  split  up  by  the 
high  ground  into  several  lobes.  One  of  these,  easily  recognised  by 
its  containing  blocks  of  the  peculiar  granite  from  Shap,  passed  over 
Stainmoor,  and  was  again  divided  by  the  Cleveland  Hills  ;  one  part, 
passing  to  the  north  of  them  and  meeting  the  great  Scandinavian 
glacier,  was  deflected  down  the  coast ;  while  the  other,  probably 
owing  to  the  pressure  derived  from  the  impact,  was  forced  down  the 
Vale  of  York ;  and,  being  joined  by  a  branch  coming  out  of  Wensley- 
dale,  gave  rise  to  the  phenomena  with  which  we  are  now  more 
particularly  concerned.  The  Wensleydale  branch,  which  is  charac- 
terized by  the  absence  of  Shap  granite  or  any  erratics  except  of  such 
rocks  as  occur  in  the  valley  of  the  Ure,  came  down  Wensleydale ; 
and,  meeting  the  larger  ice-sheet  to  the  east,  was  deflected  south- 
wards to  the  Nidd  and  the  region  about  Harrogate.  That  these 
several  glaciers  were  split  up  in  this  manner,  and  followed  the  courses 
indicated  above,  there  is  abundant  proof  in  the  physical  character  of 
the  country  and  in  the  distribution  of  its  glacial  beds. 

The  total  absence  of  glacial  deposits  or  striations  over  the  whole 
of  the  high  ground  formed  by  the  Jurassic  rocks  in  the  north-east 
part  of  the  County"^  clearly  shows  that  these  hills  stood  up  as  a 


*G.  Barrow,  Memoirs  of  the  Geological  Survey.     Explanation  of  104  S.W. 

and  S.E.,  pp.  05,  66. 
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battress  between  the  two  atreams  of  ice  which  piled  up  theii  deposits 
of  clay  and  gravel  od  either  side.  With  the  exceptiuii  of  the  northern 
portion  of  these  hills,  and  a  nairuw  band  along  their  eastern  flank, 
DO  superficial  beds  have  been  found  except  the  few  patches  of  drift 
marked  on  the  map,  and  which  are  all  of  a  local  character.  On  the 
eastern  side,  the  existepce  of  a  large  sheet  of  ice  is  shown  by  the 
morainic  mounds  which  have  been  heaped  up  along  its  edges,  and 
which  attain  a  height  of  400  feet  at  Reigbton  and  tiOO  feet  on 
Se&mer  Moor  ;  and  also  by  the  blocking  up  of  the  old  valleys  in  tliis 
part  of  the  county,  which  has  in  many  ca-ses  completely  changed  the 
Dnginal  courses  of  the  streams  and  reversed  their  flow.  This  is, 
however,  rather  beyond  the  ground  we  are  now  considering,  and,  as 
I  have  gone  iuto  the  subject  in  some  detail  elsewhere,  it  is  needless  to 
say  more  about  it  now.'^ 

On  the  western  side  of  the  Jurassic  hills  the  most  striking 
evidence  of  the  presence  of  an  ice  sheet  flowing  to  the  south  is  the 
gradual  decline  of  the  glacial  deposits  from  ^00  feet  ou  the  northern 
hills  to  400  feet  opposite  Thirsk,  and  not  more  than  200  feet  to  the 
north-east  of  York,  where  they  terminate  in  a  series  of  mounds  and 
ridges,  which  it  is  the  purpose  of  the  present  meeting  of  the  Society 
to  investigate.!  To  the  south  of  these  mounds  there  ia  a  complete 
alteration  in  the  character  of  the  superficial  beds,  and  although  there 
is  a  good  deal  of  drift  here  and  there,  it  is  largely  of  a  local  chiiracter, 
consisting  mainly  of  Chalk  and  Liassic  gravel,  which  is  found  in  ^reat 
quantity  capping  the  low  hills  from  Stamford  Bridge  southwards  to 
the  H umber. 

The  manner  in  which  these  e.xtra- morainic  beds  were  laid  down 
is,  however,  a  question  that  is  as  yet  far  from  settled,  and  we  require 
to  know  a  good  deal  more  of  their  nature  before  propounding  a 
theory  tliat  will  suit  all  the  requirements  of  the  case.  I  am  at 
present  engaged  in  examining  a  portion  of  these  beds  in  the  Mid- 
land Counties,  and  I  hope  at  some  future  date  to  be  able  to  offer  an 
opiDion  on  the  subject. 

So  much  for  the  general  conditions  which  may  have  given  rise 

•  Truns.  LeicesUir  Litr^il  I'MlTsof. ,  voLlii.,  p.  33.1,  (1894). 
t  There  is  very  little  true  bouliter  clay  above  6U0  feel  on  these  liills ;  above 
tbii  level  the  drift  is  more  gravelly  and  of  a  local  cbaractec.    Barrow,  loo.  cit. 
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to  the  distribution  of  the  glacial  beds  ;  let  us  now  see  how  far  the 
evidence  in  the  neighbourhood  of  York  bears  out  the  supposition. 

It  was  one  principle  put  forward  by  Professor  Lewis  "that  every 
glacier  at  the  time  of  its  greatest  extension  is  bounded  and  limited 
by  a  terminal  moraine."  This  principle  is  well  exemplified  through- 
out Yorkshire;  and  perhaps  nowhere  better  than  near  ttiis  city, 
where  the  moraine,  which  terminated  what  we  may  call  the  York 
Glacier,  is  situated.  This  moraine  forms  two  more  or  less  parallel 
mounds  of  boulder  clay  and  gravel,  which  extend  across  the  lower 
ground  in  a  north-easterly  direction,  the  <mo  from  York,  the  other 
from  Escrick.  They  form  most  striking  features  in  the  great  plain 
of  York,  and  are  very  conspicuous  in  the  maps  of  the  Greological 
Survey  and  in  that  acconipauying  the  paper  by  Mr.  Kendall.  These 
ridges  are  between  two  and  four  miles  apart,  and  rise  to  an  elevation 
of  about  50  feet  above  the  flat  country  on  either  side. 

The  main  points  insisted  upon  by  Professor  Lewis  are  in 
accordance  with  the  observations  made  by  the  (Geological  Survey, 
and,  I  believe,  are  accepted  by  Mr.  Kendall ;  but  there  are  one  or 
two  statements  made  by  the  latter  about  which  I  should  like  to  offer 
a  few  observations.  In  the  first  place,  there  appears  to  be  a  slight 
misunderstanding  as  to  the  exact  meaning  of  the  colours  used  on  the 
official  maps.  The  areas  coloured  blue  are  not  entirely  stiflF  boulder 
clay  or  till.  They  frequently  contain  sandy  streaks  and  patches  that 
are  too  small  and  irregular  to  map,  and  larger  areas  of  gravelly  drift 
that  are  too  clayey  to  be  considered  a  gravel.  Jn  these  maps  the 
distinct  patches  of  sand  and  gravel  are  separated  out,  but  the  rest  of 
the  drift  is  thrown  in  with  the  boulder  clay,  and  consequently  the 
blue  colour  includes  much  that  may  be  considered  morainic.  No 
distinction  is  made  either  between  true  boulder  clay  with  erratics 
and  local  drift,  so  that  it  does  not  follow  that  all  the  areas  coloured 
blue  are  true  boulder  clay.*  I  have  been  induced  to  offer  these 
remarks  as  some  exception  has  been  taken  to  the  mapping  of  the 
drift  in  this  district. 

Mr.  Kendall,  in  alluding  to  the  mounds  at  York  and  Escrick, 


*  This  applies  to  the  drift  m  the  southern  portion  of  the  Vale  of  Pickerine 
and  other  places,  which  Mr.  Kendall  regards  "  with  a  good  deal  of  suspicioD. 
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ruses  the  question  as  to  which  la  the  older  of  th«  two,  ftnd,  coatraiy 
to  natural  siipposition,  inclines  to  the  view  that  the  northero  or 
Tork  ridge  wns  fonned  firaL  As  to  their  relative  age,  the  distance 
between  theiu  ig  so  alight,  considering  the  great  extent  of  this  glacier, 
which  must  hare  been  over  100  miles  in  length  with  an  avsTHge  width 
of  20  miles,  that  one  would  be  inclined  to  regard  these  two  mounds 
as  practically  part  of  one  and  the  same  moraine.  If  the  valley 
was  strippeil  of  the  more  recent  superficial  beds  which  now  cover  it, 
there  is  little  doubt  that  several  other  parallel  ridges  would  be  dia- 
covered  both  to  the  north  and  south  of  those  that  are  now  exposed  ; 
and  it  is  very  probable  that  the  isolated  mounds  of  drift  seen  here 
and  there  in  the  vale  are  portions  of  such  mounds  just  appearing 
through  the  thick  covering  of  later  beds.  If  such  is  the  case,  it 
would  be  natural  to  suppose  that  the  most  southerly  ridge  in  the 
older,  and  the  more  northerly  the  younger,  or  as  Mr.  Kendall  says 
"  a  moraine  of  retrocession." 

Of  the  internal  sti-ucture  of  these  ridges  we  know  very  little. 
The  sections  about  York  frequently  show  highly  contorte*!  beds  of 
clay  and  sand,  proving  that  great  pressure  has  been  exerted  sguinst 
them  since  their  first  deposition,  and  it  is  very  probable  that  many 
of  the  out'Crops  marked  on  the  map  are  due  to  similar  contortions. 
The  fact  (if  clay  being  now  seen  at  the  surface  is  no  proof  that  the 
glacier  over-rode  the  moraines,  "plastering  their  inner  ftnd  outer 
faces  with  clayey  ground  moraine." 

Mr.  Kendall  seems  to  see  no  difficulty  in  a  glacier  of  tins  size 
overriding  its  moraine.  Such  a  glacier  1  admit  may  have  passed 
over  the  spreading  beils  of  drift  to  the  west  of  York,  but  I  Ciuinot 
conceive  it  passing  over  the  narrow  ridge  to  the  east  without  dis- 
persing the  materials  and  entirely  obliterating  itn  character  as  a 
ridge.  It  has  boeii  objected  that  a  great  part  of  these  mounds  is  too 
clayey  to  be  moraine  ;  but  we  must  bear  iu  mind  that  this  glacier 
at  one  time  probably  extended  much  further  to  tlic  south,  and  also 
that  the  valley  to  the  north  undoubtedly  contains  a  good  deal  of 
true  boulder  clay  ;  a  portion  of  which  would  be  borne  forward  by  the 
glacier,  and  mixed  with  the  more  gravelly  morainic  material  at  its 
terminus.    Until  a  better  section  has  been  exposed  of  the  internal 
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arrangementof  these  mounds  it  is  not  possible  to  be  but«  of 
exact  sequence  of  events  which  brought  about  tlieir  structure. 

It  is  now  many  years  since  I  had  an  opportunity  of  seeing  d 
beds,  but  on  reference  to  my  notes  I  fiud  that  very  few  sectiom  1 
to  be  seen  in  stiff  boulder  clay.  In  several  places  boulder  clay 
observed  overlying  gravels,  but  it  was  generally  more  or  leas  dl 
morainic  character,  and  frequently  so  nearly  approaching  a  gM 
that  it  was  difficult  to  decide  how  it  should  be  represented  on  1 
map.  There  is  no  evidence  that  the  gravel  in  these  mounds  M 
"  the  crest  of  a  ridge  against  which  the  boulder  c!r>y  wns  banket 
and  consequently  no  necessity  for  supposing  that  the  ice  passed  V 
the  mounds. 

In  conclusion  let  me  observe  that  the  idea,  prnpounde<l  by  FH 
Lewis  to  explain  the  formation  of  the  drift,  of  several  gUflfl 
emanating  from  the  north  and  pushing  over  the  country  in  a  stfi 
of  tongues,  is  that  which  best  accounts  for  th^;  phenomeua  to  I 
observed  throughout  the  county ;  and  that,  in  spite  of  the  obje 
tions  that  have  been  raised  ngain.«t  it,  there  is  nn  other  theory  di 
so  nearly  meet«  all  the  facts  of  the  ca=e.  The-se  objections  it  will  I 
the  duty  of  the  present  meeting  to  examine,  and  endeavour  to  fii 
out  how  far  the  difRciilties  are  cnpahle  of  solution. 

Note. — Since  the  nbove  went  to  press  >Ir  Kendall  has  inl 
mated  that  I  have  misunderstood  his  views  ns  to  the  relative  age 
these  mounds,  and  that  he  purticnlarly  desired  to  avoid  any  expn 
aion  of  opinion  on  the  point.  A  pcnisid  of  .Mr.  Kendall's  pap 
certainly  gave  me  the  impression  that  ho  was  liicllnM  to  regard  i 
York  moraine  as  the  older  of  the  two,  althou<:li  he  distinctly  leav 
the  question  open  for  further  investigation.        (.'.  Fox-SiitANawAi 


^ 


h\ 


LAKE-DVZLLIHGS  IN  THE  TALE  OF  PICKERING.      BY  J.   SFINK. 
(Read  26tk  April,  1S95.) 

The  Vale  of  Pickering,  or,  asit  isaometimeacalledbyi^eologisto, 
Pickering  Lake,  is  an  alluvial  plain,  bounded  on  the  north  and  nest 
by  the  North  York  Moors  and  their  off-shoots,  and  on  tlie  south  and 
east  by  the  Yorkshire  Wolds.  It  is  about  eighteen  miles  long  from 
e&st  to  west,  and  has  an  average  breadth  of  eight  miles.  At  some 
period  it  has  been  a  lake,  whose  waters  found  an  outlet  into  the  sea 
by  the  valley  at  Scarborough,  and  by  the  Hertford  Cut  at  Filey.  It 
is  now  drained  by  the  Derwent  and  its  tributaries,  which  escape  into 
the  Ouse  drainage  district  through  a  gap  between  the  Wolds  and  the 
Howardian  Hills  at  Huttons  Ambo  Station.  The  southern  portion 
is  known  as  the  Marishes  (Marshes). 

One  of  the  tributaries  of  the  Derwent,  on  tlie  western  side,  is 
the  Costa,  which  rises  in  Keld-Head  Spring  from  a  fault  of  the  lime- 
stone meeting  the  Kimmeridge  Clay  half  a  mile  to  the  went  of 
Pickering,  a  good  stream  of  the  purest  water,  and  of  such  volume 
as  to  work  two  flour  mills  within  a  mile  of  its  source.  It  flows  south- 
west and  south  for  four  miles,  receives  Pickering  Beck  at  Kirby- 
Misperton  Bridge,  and  joins  the  Rye  just  above  Howe  Bridge,  three 
miles  to  the  north  of  Malton.  About  two  hundred  years  ago  the 
present  channel  was  made  to  confine  its  waters  ;  before  then  it  must 
have  spread  over  the  land  to  a  considerable  distance,  a.s  the  left  bank 
is  for  the  first  mile  much  higher  than  the  adjacent  cultivated  land. 
This,  it  may  be  presumed,  was  the  last  remnant  of  the  pre-historic 
lake. 

On  several  occasions,  during  the  annual  process  of  mowing  the 
weeds,  and  clearing  the  bed  of  the  stream,  many  bones  of  animals  and 
one  human  skull  have  been  drawn  out.     This  circumstance  led  Mr. 
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Mitchelson  to  look  into  the  matter  more  closely,  aud  four  years  »go, 
besides  a  great  quantity  of  animal  remains,  he  recovered  from  the 
bottom  many  pieces  of  coarse  pottery,  which,  wlien  broken,  showed 
under  the  glass  minute  particles  of  crystal,  caused  by  the  action  of 
lime  in  water  on  charcoal  or  ashes  in  clay.  He  also  noticed 
several  places  where  the  tops  of  piles  protruded  just  above  the 
bed  of  the  stream.  These  were  two  miles  from  Keld  Head,  and 
extended  over  a  distance  of  half  a  mile.  Wishing  to  be  sure 
as  to  the  value  of  the  find,  he  sent  a  collection  of  bones  and 
potsherds  to  the  South  Kensington  Museum,  through  Captain 
Duncombe,  and  they  were  pronounced  to  be  from  the  midden- 
steads  of  lake -dwellings.  Thus  encouraged  he,  two  years  ago, 
attempted  a  systematic  .search.  Several  excavations  were  made  on 
the  bank,  and  similar  remains  were  found  to  those  which  had  been 
taken  fronrthe  river,  only  in  much  greater  quantities.  One  illustra- 
tion will  suffice  : — 


RIVER    COSTA. 
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It  was  expected  that  the  piles  (four  or  five  feet  apart;  which 
crossed  the  stream  would  be  continued  under  the  bank  ;  and  at  six 
feet  below  the  surface  they  were  again  met  with,  and  alongside  were 
large  quantities  of  bones  of  Bos  lougifrons,  horse,  deer,  wolf  (or  dog), 
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and  abeep,  along  with  crumbled  tvige,  nuts,  &c.  These  extended 
two  feet  downward,  after  which  was  a  layer  of  grey  saixl  lying  upon 
Kilunieridge  Clay,  and  below  this  nothing  was  found.  It  should 
have  been  mentioned  that  the  whole  distance  to  the  grey  sand 
consisted  of  a  dark  brown  (nearly  black)  peaty  soil,  the  lower 
half  being  almost  entirely  pent. 

From  the  side  of  one  of  the  diggings,  about  four  feet  from  the 
surface,  many  bones  of  a  young  person  were  taken,  the  vertebris  and 
skull  with  the  feet  and  hands,  being  the  only  portions  missing.  Near 
this  was  found  a  small  and  beautifully-shaped  jar  of  fine  black  clay, 
sound,  and  in  good  preservation,  and  two  pieces  oi  deer's  born — 
probably  neck  ornaments,  one  flat,  of  a  crescent  shape,  and  perforated 
with  five  holes ;  the  other  a  portion  of  a  tine  with  a  hole  penetrating 
the  broad  end.  In  another  place,  at  about  the  same  depth,  was  a 
piece  of  fine  black  pottery,  bearing  the  only  attempt  at  decoration 
found,  in  (he  form  of  drops  on  the  ontside.  about  the  size  and  shape 
of  the  pip  of  an  apple. 

The  pottery  from  the  lower  strata  consisted  of  nearly  sixty 
different  patterns  of  jars  or  urns,  ranging  from  six  to  about  eighteen 
inches  in  hei^'ht  when  complete,  and  many  of  them  having  what  are 
called  in  this  district  lugs.  This  was  of  a  very  coarse  kind,  exhibit- 
ing plenty  of  thnmb-marks,  and  evidently  not  turned  on  a  wheel. 

There  were  a  great  many  pins,  made  of  splint-bones  sharpened, 
and  several  pieces  of  bone  ground  flat,  and  iu  shape  like  a  knife,  A 
pitceofwood  was  also  unearthed  like  the  handle  of  a  child's  toy 
spade,  and  having  a  hole  diagonally  bored  just  below  the  fork, 

A  large  number  of  pebble  stones  from  two  to  four  inches  in 
dianiett-r,  nearly  all  spht,  and  bearing  ilistinct  marks  of  fire,  were 
evidently  pot-boiters.  There  do  not  seem  to  have  been  any  metal 
cooking  utensils,  or  these  stones  would  not  have  been  required. 
Neither  do  the  people  seem  to  have  had  many  (if  any)  metal  tooLi, 
for  on  removing  one  of  the  piles  it  ivas  found  to  have  been 
sharpened  in  a  very  clumsy  way,  seemingly  by  wedges,  first  an  outer 
layer  and  then  a  shorter  piece,  tmtil  the  timber  came  to  a  rough 
point. 
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The  neighbourhood  of  Pickering  has  long  been  known  as  a  very 
prolific  field  for  antiquarian  research,  extending  as  the  remains  do  far 
back  into  early  British  times,  eveiy  step  in  the  process  being  clearly 
marked  ;  and  we  believe  the  discoveries  which  are  here  feebly  des- 
cribed, carry  the  record  much  farther  back  into  the  misty  past  of 
aboriginal  Britain. 

Note. — Since  the  above  was  written  Professor  Boyd-Dawkins 
has  visited  the  site  and  examined  the  remains,  among  which  he  dis- 
covered several  human  bones,  and  these  he  believed  to  have  belonged 
to  a  race  possessing  the  power  of  grasping  with  their  toes.  Some  of 
these  bones  had  been  gnawed  by  dogs.  He  declared  the  find,  as  a 
whole,  to  be  the  most  interesting  that  had  come  under  his  notice. 


OR    THB    FOSSIL    FISHES   uF    THI    UPPEK   LIAS   OF  WHITBT.      PABT  L 
fir  ARTHDH   BHUH   WOODWIBD,    F.L.5.,   F.Q.6.,   OF  THB 

BamsH  uuBBnu  (natural  m^ioBr). 

PiATH  IIL-V. 
The  fish-fauDA  of  the  Upper  Lias  has  hitherto  been  most 
exhaustively  studied  in  QenDany  and  France.  Although  the  cliffs 
in  the  neighbourhood  of  Whitby  have  continually  yielded  numerouB 
specimens  of  fossil  fishes  since  the  days  when  Young  and  Bird*  first 
identified  petrified  "pikes"  (^^K£''w«e'niMrra(ua,AgaBBiz)  these  have 
received  only  superficial  notice  in  comparison  with  the  corresponding 
fossils  from  the  Upper  Lias  of  Wflrtemberg,  Bavaria,  and  France. 
Five  species  from  Whitby  were  briefly  described  and  several 
others  named  by  Agassiz  in  bis  great  work  on  fossil  fishes,  half  a 
ceatury  agot ;  Simpson}  and  EgertonH  each  subsequently  recognised 
an  additional  species ;  iu  1876  Blake§  published  a  list  of  the  fauna 
without  making  any  additions,  contributing  only  brief  notes  and 
unsatisfactory  figures  of  two  species ;  still  more  recently  the  present 
writer  has  described  Oyrosteus  mirabilii%  and  recorded  the  occur- 
rence of  Pholidopkona  germanicus.*"  In  Germany,  on  the  other 
hand,  Quenstedtft  and  Wagnerjj  have  published  much  more  extended 

*  Young  and  Bird,  Geological  Survey  of  the  Yorkshire  Coaitt,  p.  261,  pL 
xvi.,  Bk".  7,  8  (1828). 

t  L.  AKUsiz,  Recberches  sur  lea  PoisBOna  Foaailea,  vol.  iL  (1533-44). 

*  M.  Sini[Hon,  The  Fosaila  of  the  Yorkshire  Liaa,  ed.  1 ,  p.  19  (1855). 

il  P.  M.  It.  EgertoD,  Figures  and  DescriptionB  of  British  Organic  liemaiDe, 
decade  vi.  (Mem.  (Jeol.  Surv-.,  1852),  no.  3  lUpidotu* ptctinaliu.  Eg,] 

gj.  F.  BUke,  in  Tate  and  Blake,  The  Yorkshire  Lias,  pp.  255-2G0  (1876). 
4  A.  3.  Woodward,  On  the  Palseontology  of  Sturgeons,  Proc.  (jeol.  Assoc., 
ToL  xl,  pp.  32-38,  figs.  2-7  (188a);   also  The  FoMil  Sturgeon  of  the  Whitby 
Lias,  The  Naturalist,  April,  1890. 

**  A.  S.  Woodward,  Photidopliorua  germanictu:  an  Addition  to  the  Fiab 
Fauna  of  the  Upper  Liaa  of  Whitby,  Geol.  Msg-  [3],  voL  viiL,  p.  M5  (1891). 

ttF.  A-  Quenetedt,  Die  Fli)zgebtf([eWurt«raberg8  (1843,  and  ed.  ii.,  1851) ; 
Ueber  Lepidoitit  im  Lias  e.  (1847) ;  Handbuch  der  Fetrefakteukunde  (ed.  L, 
1852;  ed.  ii.,  1867  ;  ed.  iii.,  1883);  Der  Jura  (1858). 

^  A.  Wagner,  Die  GrifTetzahner  (Stytodontea),  ucd  zur  Charactoristik  der 
Gattungeii  Sauroptia  und  Fachgcormui  nebet  jhren  Verwandton,  Gelehrte 
Anzeigen  k.  bay.  Akad.  Wisn,  vol  50.  pp.  81-100,  200-227  (1880)  ;  Bemer- 
kungen  liber  die  Arten  von  Fischen  und  Saurieru,  welche  im  unt«rn  wie  im 
obern  Lias  zugleich  vorkomnwo  sollen,  SilzuDgab.  k,  bay.  Akad.  Wisa.  (1S60), 
pp.  36-44. 
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and  exhaustive  studies  of  the  Upper  Liassic  fishes  from  Boll,  Ohmden, 
Holzmaden,  and  other  localities  in  Wurtemberg  and  Bavaria ;  while 
Sauvage  has  undertaken  similar  researches  in  France,  issuing  several 
memoirs  with  technical  descriptions  and  beautiful  illustrations.*  It 
is  the  object  of  the  present  memoir  to  extend  our  knowledge  of  the 
Whitby  fossil  fish-fauna  if  possible  to  a  like  degree,  and  to  make 
detailed  comparisons  with  the  results  of  the  Continental  authors. 

For  the  purposes  of  this  memoir  the  unique  collection  in  the 
British  Museum  is  almost  sufficient,  comprising,  as  it  now  does,  the 
great  collections  of  the  late  Sir  Philip  de  Malpas  Grey  Egerton  and 
the  late  Earl  of  Enniskillen.  The  fine  series  of  specimens,  however, 
in  the  museums  of  York,  Whitby,  Scarborough  and  Malton,  have  also 
been  carefully  examined  and  utilized,  thanks  to  the  respective 
curators  of  those  museums  ;  and  the  writer  is  especially  indebted  to 
the  kindness  of  Messrs.  J.  F.  Walker,  H.  M.  Platnauer,  Newbitt, 
Rowntree,  and  S.  Chadwick  for  the  facilities  he  has  enjoyed. 


Family  LEPXOLEPiDiE. 

Leptolepis  saltviciensis,  Simpson. 
Platb  m.,  figs.  1-5. 
1844.  Leptolepis  filipenms,  h,  Agassiz,  Poiss.  Foss,  vol.  ii.,  pt.  ii., 

p.  134  (name  only). 
1855.  Saltviciensis,  M.  Simpson,  Foss.  Yorksh.  Lias,  p.  19. 
1876.  Leptolepis  saltviciensis,  J.  F.  Blake,  in  Tate  and  Blake,  Yorksh. 

Lias,  p.  260,  pi.  iii.,  fig.  1. 
1884.  „  „  M.  Simpson,  ap.  cit.,  ed.  2,  p.  16. 

1895.  „  „  A.  S.  Woodward,  Catal.  Foss.  Fishes, 

B.M.,  pt.  iii.,  p.  505. 


*  H.  E.  Sauvage,  Essai  sur  la  Faune  Ichthyologique  de  la  P^riode  Liasique 
suivi  d'une  Notice  aur  les  Poissons  du  Lias  de  Vassy,  Biblioth.  Ecole  Hautes 
Etudes,  vol.  xiii..  No.  6  (1876) ;  Ditto  part  ii.,  ibid,  voL  xiv..  No.  1  (1875) : 
Notice  sur  le  Grenre  Caturua,  et  plusjparticuli^rement  sur  les  Espies  du  Lias 
Bup^rienr  de TYonDe,  Bull  Soc.  Sci.  Yonne,  ser.  3,  vol.  vii.,  pp.  32-49,  pis.  i.,  ii. 
(1883) ;  Note  sur  auelques  Poissons  du  Lias  sup^rieur  de  TYonne,  ibid,  ser.  4, 
vol.  V. ,  pp.  31-38,  pis.  L  -iii.  ( 1 891 ) ;  Rc9herches  sur  les  Poissons  du  Lias  sup^rieur 
de  I'Yonne,  Zone  k  Ciment  de  Vassy,  ibid,  ser.  4,  vol.  vii.,  pp.  23-33,  pis.  i.,  ii. 
(1893) ;  Note  sur  un  Ganoide  de  genre  nouveau  du  Lias  de  Vassy,  Yonne,  ibid, 
ser.  4,  vol.  viii.,  pp.  1-4,  pi.  i  (1894) ;  Descrii)tion  de  deux  Espies  nouvelles 
de  Poissons  du  Terrain  Kimm^ridgien  du  Cap  de  la  H6ve,  Bull.  Soc.  GeoL 
Normandie,  vol.  xiv.,  pp.  26-30,  pis.  i.,  ii.  (1892). 
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Type:  Pishes;  Whitby  Museum. 

The  earliest  reference  to  thia  small  species  of  Leptolepis  occurs 
in  the  first  edition  of  Martin  Simpson's  "  Fossils  of  the  Yorkshire 
Lias  "  (p.  19),  where  it  is  stated  to  be  "  found  in  considerflble  num- 
bers in  the  larger  lenticular  nodules,  a  little  above  the  jet  rock,  in 
the  Upper  Lias.  Contrary  to  what  occurs  in  most  of  our  fishes,  the 
external  covering  has  perished,  and  the  bead,  fins,  and  bones  only 
have  been  preserved.  I  sm  not  aware,"  says  Simpson,  "to  what 
particular  genus  it  ought  to  be  referred,  but  we  may  name  it  specifi- 
cally— Salt  vici  ensis." 

The  generic  position  of  the  fish  was  correctly  determined  in 
1876  by  Prof.  J.  F.  Blake  (foe.  cit.),  who  published  a  figure  and  the 
following  brief  description  : — 

"  The  pectoral,  ventral,  and  anal  fins  are  about  the  same  size, 
and  are  at  equal  distances  apart.  The  dorsal  is  rather  large,  and  is 
situated  opposite  the  interval  between  the  anal  and  ventral.  The 
vertebral  column  Is  ossified,  and  the  tail  homocercal.  The  head  is 
small  and  the  teeth  are  comparatively  large,  and  lie  apparently  in 
clumps.     Length  4  in.  by  ]  in." 

In  1884,  this  description  was  merely  quoted  by  Simpson  in  the 
second  edition  of  his  work  ;  and  the  brief  attempt  at  a  diagnosis  in 
the  recently  published  Part  III.  ol  the  British  Museum  Catalogue  of 
Fossil  Fishes  is  still  insufficient  for  purposes  of  comparison.  The 
fish  seems  to  have  been  common,  so  that  numerous  specimens  are 
available  for  8tu<ly  in  the  Yorkshire  Museums  and  the  British 
Museum  ;  and  the  latter  collection  is  so  extensive  that  it  is  unneces- 
sary to  look  elsewhere  for  foisils  illustrating  the  essential  characters  of 
the  species.  Unfortunately,  however,  very  few  examples  are  com- 
plete and  sufficiently  undisturbed  to  show  the  general  proportions  of 
the  fish.  The  two  specimens  represented  of  the  natural  size  in  pi. 
iii.  figs.  1,  2,  are  thus  almost  unique. 

The  first  of  these  fishes  measures  nearly  0065m.  in  length,  and 
the  bead  with  opercular  .apparatus  occupies  somewhat  leas  than  one- 
quarter  of  the  whole.  The  form  of  tht;  trunk  is  indicated  by  remains 
of  the  sqiiamation  ;  the  width  of  the  caudal  pedicle  being  thus  shown 
to  equal  half  the  maximum  depth  of  the  abdominal  region,  which  is 
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contained  about  six  times  in  the  total  length  of  the  fish.  The  head 
is  too  imperfect  for  detailed  description,  but  the  mandible  distinctly 
projects  in  firont  of  the  upper  jaw,  the  maxilla  exhibits  its  charac- 
teristically arched  form,  and  the  position  of  the  eye  is  marked  by  a 
black  stain.  The  width  of  the  opercular  apparatus  seems  to  have 
equalled  half  the  length  of  the  cranium.  The  vertebrse  are  imperfect 
and  partly  disturbed,  so  that  they  cannot  be  counted  ;  but  two  centra 
in  the  abdominal  region  are  shown  as  smooth  constricted  cylinders. 
The  tew  remains  of  delicate  ribs  prove  that  they  terminated  not  far 
from  the  ventral  border ;  the  slightly  stouter  but  nevertheless  delicate 
neural  and  hsemal  arches  in  the  caudal  region  are  distinctly  fused 
with  their  corresponding  centra.  The  pectoral  fin  comprises  not  less 
than  sixteen  or  eighteen  delicate  rays,  of  which  the  foremost  is  pre- 
served for  a  length  equalling  two-thirds  the  maximum  depth  of  the 
trunk.  The  pelvic  fins  arise  much  nearer  to  the  anal  than  to  the 
pectorals,  and  that  of  the  right  side  shows  at  least  eight  rays,  the 
foremost  only  a  little  inferior  in  length  to  that  of  the  pectorals.  The 
dorsal  fin  arises  immediately  behind  the  pelvic  pair  at  a  point  nearly 
midway  between  the  occiput  and  the  caudal  fin  ;  it  is  somewhat 
deeper  than  long,  while  the  length  of  it-s  foremost  ray  is  about  equal 
to  the  depth  of  the  trunk  at  its  insertion.  The  smaller  anal  fin  arises 
opposite  the  hinder  end  of  the  dorsal  fin.  The  caudal  fin  is  deeply 
cleft,  depressed  in  the  fossil,  and  partly  destroyed  by  a  vein  of  spar 
which  crosses  it.  There  is  nothing  worthy  of  note  in  the  squamation, 
unless  some  small  streaks  above  the  vertebral  column,  especially  in 
the  caudal  region,  denote  a  large  canal  for  the  ''  lateral  line."  The 
second  specimen  (fig.  2)  is  larger  and  more  imperfect  than  the  first, 
preserved  in  soft  shale  and  with  the  mouth  widely  open.  It  is 
essentially  similar  in  all  features  which  can  be  compared,  and  shows 
the  same  longitudinal  indents  or  streaks  in  the  scales  above  the 
vertebral  column  both  in  the  abdominal  and  caudal  regions.  The 
dorsal  fin  is  very  imperfect,  the  anal  seems  to  be  a  little  displaced 
backwards,  and  the  caudal  is  almost  completely  destroyed.  The  stain 
on  the  shale  produced  by  the  remains  of  the  scales  and  soft  parts,  is 
probably  deeper  than  the  original  depth  of  the  trunk,  as  suggested 
by  the  obvious  displacement  of  the  dorsal,  anal,  and  pelvic  fins. 
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'IVo  distorted  fishes  associated  on  a  small  slab  (pi.  iii.,  fig;.  3) 
are  also  ioteresting,  the  ODe  aa  dispUyiog  the  characteristic  form  of 
the  dentaiy  bone  (d)  with  ite  ascending  process,  the  other  as  showing 
more  particulaily  the  paired  fins.  The  vertebral  centra  in  these 
specimens  are  much  deepened  by  cniBhing.  The  rays  of  the  pectoral 
fina  are  not  less  than  fifteen,  and  the  rays  of  the  pelvic  fins  at  least 
ten  in  number. 

Another  specimen  worthy  of  note  in  this  connection  is  the  small 
contorted  fish  shown  in  pL  iii.,  fig.  4.  This  is  labelled  by  Agasuz, 
"  Leptolepit  fUipennis,  Ag.,  Street,"  and  is  marked  by  Egerton  as 
intended  to  be  the  type  specimen  of  the  species  thus  merely  named. 
No  true  Leptokpit,  however,  has  hitherto  been  discovered  in  tifae 
Lower  Lias,  while  the  matrix  of  this  specimen  is  identical  with  that 
of  the  fossil  represented  in  fig.  1,  even  to  the  traversing  veins  of 
spar.  The  characters  of  the  fish,  so  far  as  observable,  are  also 
identical  with  those  of  L.  saltoiciensh.  The  present  writer  thus  feels 
justified  in  i^arding  it  as  a  Whitby  fossil,  and  in  relegating 
L.  jmpennit,  Ag.,  MS.,  to  the  synonymy  of  the  species  now  under 
consideration.  The  head  is  very  imperfect  and  a  little  elongated  by 
crushing.  The  vertebnc  are  also  fragmentary,  but  three  of  the 
simple  constricted  cylinders  are  seen  immediately  behind  the  pectoral 
fins,  about  as  long  as  deep.  The  pelvic  fins  are  further  ifrom  these 
than  from  the  anal.  The  specimen  is  a  little  weathered  and  tinged 
with  vivianite. 

A  distorted  fish  (Brit,  Mus.,  No.  41724)  with  well-preserved 
caudal  vertebral,  shows  that  the  centra  in  this  region  are  longer  than 
deep  (pi.  iii.,  fig-  5) ;  and  a  general  consideration  of  all  known 
.specimens  indicates  that  the  total  number  of  vertebrae  is  about  forty, 
hnlf  abdominal  and  half  caudal.  In  short,  summarizing  the  charac- 
ters displayed  by  the  numerous  specimens  available,  it  seems  possible 
to  formulate  the  following  brief  diagnosis  qf  the  species : — 

A  small,  slender  species  with  delicate  skeleton,  attaining  a 
length  of  about  O'OTm.  Length  of  head  with  opercular  appai^atus 
greatly  exceediug  the  maximum  depth  of  the  trunk,  which  is  con- 
tained about  si.\  times  in  the  total  length  of  the  fitih  ;  caudal  pedicle 
comparatively  robust,  its  depth  about  half  the  maximum  depth  of  the 
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abdominal  rep;ion.  Vertebrse  about  40  in  number,  half  abdominal 
and  half  caudal ;  the  centra  delicate  constricted  cylinders  longer 
than  deep  in  the  anterior  part  of  the  caudal  region.  Pelvic  fins 
arising  much  nearer  to  the  anal  than  to  the  pectorals ;  dorsal  fin 
with  length  of  foremost  ray  about  equal  to  the  depth  of  the  trunk  at 
its  insertion,  arising  immediately  behind  the  pelvic  pair  ;  anal  some- 
what smaller  than  the  dorsal  fin,  and  arising  opposite  the  hinder  end 
of  the  latter. 


Family  Pholidophoridje. 
Pholidophorus  germanicus,  Quenstedt 

Plate  IV.,  figs.  1-6. 
1858.  Pholidophorus  germanicus,  F.  A.  Quenstedt,  Der  Jura,  p.  234, 

pi.  XXX.,  figs.  9-11. 
1891-95.        „  „  A.  S.  Woodward,  Geol.  Mag.  [3], 

vol.  viii.,  p.  545  ;  and  Cat«L 
Foss.   Fishes,  B.M.,   pt.   iii., 
p.  459. 
lype :  Nearly  complete  fish  ;  Geological  Museum,  University  of 
Tubingen,  Wurtemberg. 

The  occurrence  of  a  large  species  of  Pholidophorus  in  the  Upper 
Lias  of  Whitby  was  first  determined  by  the  present  writer  in  1891. 
The  only  known  specimens  are  preserved  in  the  Egerton  and  Eunis- 
killen  Collections  in  the  British  Museum,  and  are  proved  on  direct 
comparison  to  be  specifically  identical  with  Pholidophoi-us  germanicus, 
described  by  Quenstedt  from  the  Upper  Lias  of  Wurtemberg. 

The  only  Whitby  specimen  showing  the  general  proportions  of 
the  whole  fish  is  very  much  fractured,  with  fragmentary  and  dis- 
])laced  squamation,  and  wanting  the  dorsal  and  anal  fins  (Brit  Mus., 
No.  P.  4412).  The  head  with  opercular  apparatus  occupies  about 
one-fifth  of  the  total  length  of  the  fish,  while  another  specimen 
(pi.  iv.,  fig.  I)  shows  that  its  length  is  about  equal  to  the  maximum 
depth  of  the  abdominal  region.  The  width  of  the  caudal  pedicle 
must  have  about  equalled  one-third  of  this  depth.  The  pelvic  fins 
arise  nearly  midway  between  the  pectorals  and  the  caudal. 

The  specimen  just  mentioned  merely  shows  that  the  maxilla  was 
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arched  and  that  certain  head-bonea,  notably  tHoBe  of  the  cranial  roof, 
were  ornamented  with  cIoBely  arranged,  though  coarse,  rugse.  A 
second  specimen  (Brit.  Mus.,  No.  P.  1058a)  exhibits  the  head  a  little 
more  satisfactorily  (pt.  it.,  fig.  ]).  The  cranial  roof  is  exposed, 
crushed  and  fractured  beyond  recognition  behind  and  in  front,  but 
displaying  the  large  frontal  bones  (fr.),  united  in  a  wavy  median  suture, 
and  a  smaller  plate  on  the  right  side,  which  may  be  either  pre- 
frontal or  nasal  {no).  These  bones  are  beautifully  ornamented  with 
closely  Tcrmiculating  rugfe,  not  readily  represented  in  a  figure.  The 
cheek-plates  nnd  jaws  are  too  much  crushed  and  confused  for  des- 
cription ;  so  also  are  the  opercular  bones,  except  the  interoperculum 
and  the  lower  end  of  the  preoperculum.  The  former  (t.  op.)  is 
triangular,  somewhat  deeper  than  broad ;  the  latter  {p.  op.)  is  much 
expanded,  and  a  fracture  at  its  antero-inferior  angle  shows  four  of 
the  radiating  passages  of  tlie  slime-canal  filled  with  spar.  The 
outer  face  of  both  these  elements  is  neariy  smooth  and  flat,  but 
with  traces  of  flattened  tubercles  in  the  lower  portion.  Two  frag- 
ments of  maxilla  (mx.)  indicate  that  this  bone  was  externally 
ornamented"  behind  with  tubercles  and  short  rugse,  anteriorly  with 
longitudinal  striee.  Behind  tlie  opercular  apparatus  the  curved 
lower  end  of  the  robust  clavicle  (cl.)  can  be  seen,  and  there  is  a 
pectoral  fin  consisting  of  robust,  distally  bifurcating  rays.  The  scales 
are  very  imperfect,  but  those  of  the  middle  of  the  flank  are  obvionsly 
deeper  than  broad. 

Delicate  ring-vertebrce  are  observed  in  the  abdominal  region  of 
one  specimen  (pi.  iv.,  fig.  2),  but  nothing  further  is  known  of  the 
endoskeleton  of  the  trunk. 

The  left  pectoral  fin  in  the  specimen  which  displays  the  ring- 
vertebra  seems  to  be  complete  except  at  the  distal  end,  and  exhibits 
eighteen  stout  rays.  The  pelvic  fin,  well  preserved  in  No.  P.4406 
(pi.  iv.,  fig.  3),  has  only  eight  similar  rays,  all  closely  divided  and 
articulated  in  the  distal  portion.  The  proportions  of  the  caudal  fin, 
as  indicated  in  the  same  specimen,  are  shown  in  pi.  iv.,  fig.  4,  The 
articulations  are  distant  in  the  proximal  half  of  the  rays  of  the 
lower  lobe,  and  four  of  the  small  fulcra  are  preserved  on  the  anterior 
margin  of  this  lobe. 
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The  uTaDgemeot  of  the  fins  is  shown  in  the  imperfect  specimen 
represented  in  pi.  iv.,  fi^.  5.  A  fra^ent  of  the  dorsal  fin(ij.)is 
opposed  to  remains  of  the  pelvic  pair  (ph.) ;  and  the  anal  fin  (a.) 
seems  to  have  arisen  midway  between  the  latter  and  the  caudal  (c). 

The  last-mentioned  specimen  also  affords  the  beet  view  of  the 
squamation.  Some  of  the  scales  of  the  flank  are  deq)er  than  broad, 
even  in  the  hinder  half  of  the  eaudal  r^on  ;  and  when  their  pos- 
terior border  is  preserved,  it  seems  to  be  gently  convex  without  aojr 
trace  of  serrations.  The  feeble  rugose  ornament,  characteristic  of  the 
species,  is  scarcely  perceptible  except  on  the  hinder  two-thirds  of  the 
caudal  region  ;  and  even  here  the  direction  of  the  light  must  be  care- 
fully adjusted  before  it  can  be  distinctly  observed.  The  rugse  are 
most  conspicuous  on  the  anterior  half  of  the  scale  ;  they  are  rounded, 
sometimes  more  or  leas  blended  or  branching,  and  there  is  often  a 
distinct  tendency  to  their  passing  into  fimbriations  at  the  superior 
and  anterior  borders.  A  tew  of  the  scales  of  the  "lateral  line" 
exhibit  a  deeply-oval  foramen  for  the  passage  of  the  sensory  canal 

In  addition  to  the  Whitby  fossils  thus  described,  the  collection 
of  the  British  Museum  comprises  numerous  typical  examples  of 
PboUdophonts  germanicua  from  the  Upper  Liss  of  Wiirtemberg. 
As  already  mentioned,  it  is  thus  possible  to  determine  the  species 
from  the  Whitby  Lias  by  the  direct  comparison  of  specimens ;  and 
some  of  the  features,  not  very  clearly  shown  in  the  fossils  now  under 
consideration,  can  be  well  observed  in  examples  from  the  typical 
locality.  Summarizing  all  these  essential  characters,  the  following 
diagnosis  of  the  species  may  be  appended  : — 

A  large  species,  attaining  a  length  of  about  0'3m.  Length  of 
head  wiib  opercular  apparatus  somewhat  exceeding  the  maximum 
depth  of  the  trunk,  which  equals  about  one-fifth  of  the  total  length 
of  the  fi^h.  The  rugose  ornament  of  the  head  and  opercular  bones 
very  fine,  but  conspicuous;  maxilla  and  dentary  longitudinally 
striated.  Pelvic  tins  arising  slightly  in  advance  of  the  middle  point 
of  the  trunk,  with  the  dorsal  fin  directly  opposed.  Scales  large  and 
nearly  smooth,  but  with  a  faint,  coarse  rugosity,  most  conspicuous  in 
the  caudal  region  ;  their  hinder  mar^n  very  slightly  convex  and  not 
serrated  ;  at  leastsixlongittidinal  flank-series  much  deeperthan  broad. 
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PuDiljr  EraHATHIDA. 

EttOHATiiirB  rASCicuLATUS,  Agassiz,  MS. 

Pi^TB  m.,  G^a.  6,  T. 

1S14.  Eugnathut  fascicuUttus,  L.  Agassiz,  Poisa.  Fobs.  vol.  ii.,  pt.  ii., 

p.  105  (name  only). 

Tjfpe  ■  Specifically  iDdeterminable  remaina  ;  British  Museum, 

The  genus  Eugnathus  haa  already  been  recorded  from  the 
Vhitby  Lias  by  Agassiz,  but  he  gives  uo  information  as  to  the  nature 
of  the  specimen.'^  Eugnathus  fasciculatus  is  merely  mentioned  as  a 
Whitby  species,  to  be  described  in  a  forthcoming  supplement,  vhich 
unfortunately  never  appeared. 

This  record  is  baaed  on  two  specimens  in  the  collections  of  the 
late  Sir  Philip  Egerton  and  the  late  Earl  of  Eiiuiskillen,  now  in  the 
British  Museum,  both  bearing  the  specific  name  " /asdculatua," 
written  by  Agassiz  himself  on  the  label.  Both  the  fossils,  however, 
are  much  too  imperfect  for  specific  determination  ;  and  as  no  better 
examples  appear  to  have  been  hitherto  discovered,  it  must  snffice  to 
describe  them  merely  under  the  name  they  bear,  without  attempting 
any  specific  diagnosis. 

The  first  specimen  in  the  Egerton  collection  (Brit.  Mus.,  No. 
P. 508)  is  marked  as  the  type,  and  probably  represents  a  fish  not  less 
than  0'35m.  or  0'4m.  in  length  ;  but  only  part  of  the  aqiifiniation 
is  preserved  with  other  indeterminable  fragments  on  a  much -broken 
slab  of  shale.  The  scales  seem  to  belong  to  the  middle  region  of  the 
trunk,  none  deeper  than  broad,  but  nearly  all  considerably  broailer 
than  deep.  When  well  preserved  tiie  exposed  portion  of  each  scale 
is  shown  to  be  ornamented  with  the  radiating  ridges  and  pectinations 
cliarac (eristic  of  the  genus ;  and  all  the  ridges  are  very  sharp,  as 
shown  in  the  three  scales  represented  in  pi.  lii.,  lig.  T.  The  dorsal 
and  ventral  scales  are,  as  usual,  excessively  broa<l  in  proportion  to 
their  depth. 

The  second  specimen  labelled  by  Agassiz  cannot  have  attained  a 
greater  length  than  Oiom.,  and  is  preservetl  in  counterpart,  one  side 
having  been  obtained  from  the  Enniskillen  collection  (Brit.  Mus., 
No.  P.i468),  the  other  from  the  Egerton  collection  (Brit.  Mus., 
No,  P.873).     The  scales  are  much  less  conspicuously  ornamented 
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than  in  the  previous  specimen,  though  this  difference  may  be  due  to 
immaturity  or  even  to  the  state  of  preserration. 

The  best  side  of  this  small  fossil  is  shown  of  the  natural  size  in 
pi.  iii.,  fig.  6.  The  head  is  almost  entirely  wanting,  and  the  abdo- 
minal region  is  evidently  a  little  deepened  by  distortion.  The  width 
of  the  caudal  pedicle  would  originally  much  exceed  one-third  of  the 
maximum  depth  of  the  trunk,  and  the  latter  measure  would  be 
slightly  greater  than  one-third  of  the  length  from  the  pectoral  arch 
to  the  base  of  the  caudal  fin.  Nothing  is  seen  of  the  axial  skeleton 
of  the  trunk,  although  circumstances  seem  favourable  to  its  exposure 
if  it  happened  to  be  ossified.  Portions  of  all  the  fins  are  exposed, 
except  the  pelvic  pair,  and  tliey  consist  of  stout  rays  finely  sub- 
divided and  closely  articulated  distally-  Each  fin  is  also  shown  to 
be  provided  with  an  anterior  fringe  of  large,  slender  fulcra.  The 
pectoral  fin  (pet.)  is  relatively  large,  with  about  fifteen  rays  which  are 
undivided  in  their  proximal  half  The  dorsal  fin  (d.)  is  crushed, 
hut  apparently  as  deep  as  long,  with  not  less  than  ten  or  twelve  rays, 
and  arising  opposite  a  point  midway  between  the  pectoral  and  anal 
fins.  The  anal  (a.)  is  only  about  half  as  large  as  the  dorsal.  Of  the 
caudal  fin  (c.)  nothing  beyond  tlie  base  is  preserved  ;  but  some  of  the 
inferior  rays  are  enamelled  and  exhibit  joints  longer  than  broad. 
The  scales  are  preserved  in  patches  on  both  sides  of  the  fossil.  They 
Me  all  finely  serrated  on  the  hinder  border  as  far  as  the  ]>o8terior 
half  of  the  caudal  region,  when  they  become  entirely  smooth,  with  a 
slightly  concave  outer  face.  Even  the  scales  on  the  anterior  part  of 
the  abdominal  region  are  almost  destitute  of  pectinations,  none  show- 
ing more  than  traces  of  the  concentric  lines  of  growth  and  a  few 
punctate  markings.  The  scales  of  the  middle  of  the  flank  in  the 
abdominal  region  are  very  imperfect,  but  appear  to  be  about  as  broad 
as  deep,  A  few  of  the  displaced  scales  at  the  ventral  border  are 
excessively  broad  compared  with  their  depth.  Dorsally  and  on  the 
caudal  region,  all  the  scales  are  longer  than  deep  ;  and  there  is  evi- 
dence that  the  ridge-scales  even  at  the  base  of  the  upper  caudal  lobe 
are  not  much  enlarged.  There  are  traces  of  the  peg-and-socket 
articulation  in  impressions  of  some  of  the  scales  just  in  advance  of 
the  dorsal  fin ;  and  the  caudal  scales  exposed  from  within  exhibit  Uie 
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characteristic  mediaD  Terticftl  ridf^.     Each  scale  of  the  series  of  the 
"  lateral  line  "  U  pierced  by  a  fonunea  with  partially  raised  rim. 

SfECIFICALLT   IhDBTBRHINABLI   RbHAIKS  of  EuaNATHDS  OB 
HBTEROLKFIDOTUa 

1844.  L»pidotM  rugosus,  L.  AgAssiz,  Poiss.  Foss.,  voL  it.,  pt.  i,,  p. 

346  (in  part),  pi.  sxxiii  a.,  Gg.  4  (non 

figs.  I,  3,  5,  8). 
1844.  Afpidorkynchus  angticta.h.  Agassiz,i6t(f.,  p.  139  (name  only). 
1843-52.  Lfpidotus  p9ctinatu9,  P.  M.  G.  Egerton,  Proc.  Geol.  Soc., 

vol.  iv.,  p.  183,  and  Figs,  and  Deacript. 

Brit.  Organic  Remains,  dec.  vi.  (Mem. 

Geol.  Surr.,  1852),  no.  3,  pi.  iii. 
The  name  of  Leptdotus  rugoaut  is  given  by  Agassiz  to  mis- 
cellaneouB  fragmentary  remains  nbicb  will  be  discussed  later,  but 
wliicb  comprise  oue  portion  of  sqnamation  from  the  Upper  Liaa  of 
Whitby  almost  certainly  referable  either  to  Eugnathus  or  to  the 
nearly  identical  genus  lleterotepidotus.  This  specimen  is  now  in  the 
British  Museum,  and  on  comparison  the  scales  are  observed  to  be 
ranch  more  closely  similar  to  those  of  the  typical  Heterolepidotvs 
from  Lyme  Regis  than  to  those  of  Lepidoitis.  'Hiey  are  more  delicate 
than  the  scales  usually  are  in  the  latter  genus  ;  but  it  is  uufortuuate 
th.tt  the  overlapped  margin  cannot  be  ilistinetly  seen,  to  determine 
whether  or  not  (he  aiiteriur  angles  are  produced  forwards. 

Careful  examination  and  comparison  of  the  imperfect  j.iw  from 
(be  Upper  Lias  of  Whitby,  nainod  Aapidorhynclnts  angUcas  by 
Agassiz  (Bnt.  Mns.,  No.  P.4;W),  indicates  that  this  fossil  must 
also  be  referred  either  to  Eiigmitlius  or  HetejoUpidotus.  It  is  a 
ranch-abraded  ramus  of  the  mandible,  with  remains  of  the  conical 
teeth,  and  a  figure  of  the  specimen  is  given  in  the  Catal.  Foss,  Fishes, 
Brit.  Mua..  part  iii.  (1895),  pi.  viii.,  fig.  2. 

The  imperfect  fish  described  by  Egerton  under  the  name  of 
Lfpldotus  pecthiattis,  is  too  unsatisfactory  both  for  generic  and 
specific  determination ;  but  this  also  very  probably  represents  an 
unknown  large  species  of  Eugnathus  or  f/eterolepidotas.  The  pec- 
tination of  the  scales  is  confined  to  the  abdominal  region,  where 
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it  is  a  little  emphasized  by  the  abrasion  of  the  outer  surface. 
Beyond  the  origin  of  the  dorsal  fin  all  the  scales  are  smooth  and 
with  non-serrated  hinder  border ;  while  those  of  some  series  at  the 
ventral  border  are  excessively  broad  compared  with  their  depth. 
None  of  the  head-bones  or  opercular  plates  can  be  distinguished. 


1833-44. 


1849. 


1852. 


1858. 


1865. 


>t 


it 
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>» 


>» 


Pttcholbpis  bollbksis,  Agassiz. 
Platb  v. 

1832.  Ptycholepis  bolhnsis,  L.  Agassiz,  Neues  Jahrb.,  p.  142  (name 

only). 
L.  Agassiz,  Poiss.  Foss.,  vol.  ii.,  pt.  L, 

p.  11 ;  pt  ii.,  p.  108,  pi.  Iviii,  b, 
W.  C.  Williamson,  Phil.  Trans.,  1849, 

p.  444. 
F.   A.  Quenstedt,   Handb.    Petrefakt, 

p.  203,  pi.  XV.,  fig.  5. 

F.  A.    Quenstedt,  Der  Jura,  p.   231, 
pi.  XXX.,  figs.  1-7,  pi.  xxxi.,  fig.  8. 

G.  Cotteau,    Bull.    Soc.    Sci.    Yonne, 
vol.  xix.,  pt.  ii.,  p.  337. 

1875.  Ptycholepis  barrati,  H.   E.   Sauvage,    Bibl.    Ecole    Uautes 

Etudes,  vol.  xiv.,  No.  1,  p.  8,  pi.  ii., 
fig.  2.     [Distorted  fish.] 
1891.  „  „        H.  E.  Sauvage,  Bull.  Soc.  Sci.  Yonne, 

vol.  xlv.,  pt.  ii.,  p.  33,  pi.  i. 
1895.  Ptycholepis  bollensis,  A.  S.  Woodward,  Catal.  Foss.  Fishes, 

B.  M.,  pt.  iii.,  p.  317. 
Type:  Imperfectly  preserved  fish  from  Whitby ;  British  Museum. 
The  definition  of  the  genus  Ptycholepis,  pubhshed  by  Agassiz, 
was  based  upon  an  imperfect  fish  from  the  Whitby  Lias,  now  in  the 
British  Museum.  Though  the  typical  species,  P.  bollensis,  to  which 
the  Whitby  fish  belongs,  was  originally  named  after  Boll,  the  locality 
in  Wiirtemberg  where  the  first  fragments  were  met  with,  this  was 
the  only  satisfactory  example  which  Agassiz  had  the  opportunity  of 
examining.  Even  this  specimen,  however,  is  so  imperfect  as  to  be 
misleading  in  some  respects,  and  fossils  subsequently  discovered  both 
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at  Wbitby  and  in  Wiirtembeig  reveal  certain  errors  in  the  original 
interpretation  by  Agassiz. 

The  type  specimen  of  Ptychokpis  bollensis  thus  needs  a  new 
description  in  the  light  of  present  knowledge.  It  is  much  shattered 
and  fractured,  but  displays  the  head  from  the  ventro-lateral  aspect, 
the  greater  portion  of  the  trunk,  the  paired  fins,  and  the  base  of  the 
caudal  fin.  The  remains  of  the  cranial  and  facial  bones  are  orna- 
mented with  coarse  but  closely  arranged  rounded  ridges,  which  are 
mostly  directed  longitudinally  ;  and  the  same  ornament  is  continued 
over  the  operculum  and  suboperculum,  so  far  as  preserved.  The  jaws 
nre  too  imperfect  for  description  ;  but  between  the  rami  of  the  man- 
dible there  are  fragments  of  very  broad  branchiostegal  rays,  and, 
apparently,  a  gular  plate,  all  these  destitute  of  external  ornamenta- 
tion. There  is  also  a  narrow  smooth  plate,  with  partly  fimbriated 
hinder  margin,  immediately  behind  the  opercular  bones.  Nothing  is 
seen  of  the  internal  bones  of  the  trunk,  for  the  squamation  is  thick, 
and,  although  it  is  much  disturbed,  it  still  completely  covers  the 
skeleton.  The  pectoral  fins  are  apparently  crushed  together  and 
consist  of  stout  rays,  which  are  only  articulated  and  divided  towards 
the  distal  end  ;  the  foremost  ray  bears  traces  of  small  fulcra.  The 
right  pelvic  fin  (described  by  Agassiz  as  "  anal ")  is  smaller  though 
similar.  None  of  the  rays  exhibit  any  ornamentation.  The  median 
fins  are  all  lost,  except  a  small  part  of  the  base  of  the  caudal.  The 
trunk  is  crushed  in  the  same  direction  as  the  head,  and  the  very 
narrow  ventral  scales  thus  predominate.  These  are  excessively 
narrowed  and  marked  bv  two  or  three  of  the  characteristic  rounded 
longitudinal  ridges.  Even  the  scales,  which  evidently  belong  to  the 
middle  of  the  flank,  are  longer  than  deep,  and  several  of  these  are 
displaced,  exhibiting  the  broad  and  smooth  overlapped  area.  All  of 
the  latter  are  highly  ornamented  with  the  longitudinal  ridges,  which 
abniptly  terminate  at  the  anterior  margin,  but  usually  become  fused 
together  behind,  while  the  posterior  margin  of  the  scale  is  coarsely 
serrated.  In  fact  it  may,  perhaps,  be  more  correct  to  describe  the 
scales  as  longitudinally  furrowed,  the  delicate  furrows  extending  to 
the  anterior,  but  not  to  the  posterior  margin.  The  only  specially 
modified  scales  are  observed  on  the  ventral  median  line,  one  between 
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the  pelvic  fins,  the  other  immediately  in  advoace  probably  of  the 
origin  of  the  anal  fin.  Each  of  these  scales  is  elongate-oval  in 
form,  narrower  behind  than  in  front,  equalling  two  ordinary  scales 
in  length,  and  externally  ornamented  with  longitudinal  ridges,  which 
coQverge  a  little  at  either  end, 

A  second  specimen  shown  of  the  natural  size  in  pi.  v.  fig.  1,  is  of 
more  importance  for  detennioing  the  specific  charachirt  of  the  fish, 
not  being  distorted  ;  but  this  example  unfortunately  wants  the  dorsal 
part  of  the  caudal  region.  The  length  of  the  head  with  opercular 
apparatus  is  shown  to  be  approximately  equal  to  the  maximum  depth 
of  the  abdominal  region,  and  would  occupy  somewhat  less  than  one 
quarter  of  the  total  length  of  the  fish.  The  cranium  is  partly 
crushed  downwards,  and  exposed  from  above  ;  but  its  lateral  margin 
is  apparently  entire,  and  the  large  excavation  for  the  orbit  {ot-b.)  is 
conspicuous.  The  cheek-platea  are  removed,  thus  exposing  some 
obscure  remains  of  the  pterygo-quadrate  arcade ;  but  the  maxilla 
{mx.)  is  nearly  complete,  deepest  behind,  and  marked  with  coai^e 
rugm  which  are  mainly  longitudinal.  The  mandible  (md.)  is  imper- 
fect, ornamented  with  two  or  three  longitudinal  rugie  near  its  inferior 
border,  and  with  upwardly  turned  rugse  above.  The  operculum  {op.) 
wants  a  little  of  its  outer  surface  below,  and  is  fractured  by  a  vertical 
crack  behind  ;  but  its  maximum  depth  is  evidently  a  little  greater 
than  its  width,  and  the  ornamented  ridges  on  its  outer  face  are  mostly 
short,  with  a  distinct  trend  postero-inferiorly.  The  other  opercular 
plates  and  the  branch  iostegal  rays  are  too  imperfect  for  description  ; 
while  the  characters  of  the  clavicle  (cl.)  immediately  behind  are  also 
obscure.  The  pectoral  fin  ipct.)  exhibits  remains  of  not  less  than 
fourteen  stout  rays  more  or  less  subdivided  distally  ;  and  one  of  the 
pelvic  fins  iplv.),  with  at  least  ten  raye  which  are  distantly  articulated 
in  the  terminal  half,  arises  very  slightly  nearer  to  the  pectorals  than 
to  the  caudal  fin.  The  anal  fin  is  wanting,  and  there  are  only  insig- 
nificant fragments  of  the  dorsal  (d.)  and  caudal  (c),  the  former  well 
in  advance  of  the  pelvic  pair,  The  fin-rays  of  the  lower  caudal  lobe 
are  distantly  articulated  almost  from  the  base,  and  very  finely 
divided  distally.  The  scales  are  scarcely  disturbed  except  where  the 
fish  is  imperfect,  and  alt  are  much  broader  than  deep.     The  extent 
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and  direction  of  the  Bmall  longitadinal  furrows  separsting  the  orna- 
mental ridges  on  the  various  scales  differ  a  good  deal,  as  slionn  ia 
the  enlarged  outline-drawing  (fig.  la) ;  hut  they  are  most  numerous 
at  the  anterior  border  of  the  scale,  and  most  frequently  reach  the 
hinder  border  of  the  scales  of  the  foremost  rows,  where  the  direction 
is  comparatively  oblique.  The  narroned  veutral  scales' exhibit  only 
two  or  three  longitudinal  ridges,  while  the  deepest  fiank-scales  have 
perhaps  eight,  in  part  fused  together.  The  enlarged  scales  in  the 
pelvic  and  anal  regions  are  not  shown  ;  but  the  arrangement  of  the 
diminntive  scales  at  the  base  of  the  lower  caudal  lobe  is  interesting. 
The  latter  {shown  enlarged  in  fig.  Ih)  are  quite  smooth,  while  those 
of  the  marginal  row  bordering  the  fin-rays  are  club-shaped,  excessively 
elongated  in  the  direction  of  these  rays  and  pointed  at  the  end.  The 
"  lateral  line,"  as  usual,  is  shown  to  be  remarkably  low  on  the  flank, 
the  coarse  of  the  sensory  canal  being  marked  by  large  vertical  clefts 
near  the  hinder  end  of  a  few  scales  of  the  series  it  traverses. 

Some  further  information  as  to  the  characters  of  the  head  may 
be  obtained  from  two  other  specimens  in  the  British  Museum,  num- 
bered P.853  a  and  35581.  The  first  {pi.  v.,  fig.  2)  exhibits  the 
longitudinal  ridges  on  the  maxilla  (mx.)  and  the  upturned  ridges  on 
the  mandible  (md.) ;  while  the  ornament  on  the  operciilum  (op.)  and 
a  fragment  of  the  snboperculum  (s.op.)  is  remarkably  well  shown. 
The  two  or  three  uppermost  ridges  on  the  operculum  are  horizontal  ; 
then  some  short  ridges  are  intercalated  bchini),  and  those  below 
trend  downwards  but  are  less  subdivided  thanin  the  original  of  fig.  1. 
The  ridges  on  the  stiboperculum  are  chiefly  horizontal,  and  the  true 
form  of  this  bone  is  indicated  by  an  impression  in  No.  35581,  which 
enables  us  to  add  the  sharp  outlines  to  our  figure.  Below  the  sub- 
operculum  and  mandible  there  are  obscure  remains  of  the  smooth 
branchiostegal  rays  and  gular  plate  (gu.},  which  are  only  finely 
punctate.  An  impression  of  one  of  the  ceratohyal  bones  in  a  third 
si)ecimen  (fig.  3,  ci.)  presents  no  noteworthy  feature. 

The  last  .specimen  is  the  ventral  aspect  of  a  small  fish  exposed 
in  a  noduie  (Brit.  Mus,,  No.  P.5222),  and  is  especially  interestiug 
BA  exhibiting  the  paired  fins  and  squamation.  The  pectoral  fin  on 
the  left  side  (pet.)  baa  at  least  twenty-two  stout  rays,  with  finer  rays 
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behind,  diBtantly  articul&ted  nearly  to  the  baae  &ad  most  shofrn  to 
be  divided  distallf  ;  its  anterior  border  is  fringed  vrith  minute  Ailcra. 
The  pelvic  fin  on  the  left  aide  (ph.)  is  similar  but  smaller,  vitb  only 
about  sixteen  rays.  The  series  of  scales  seem  to  correspond  with  the 
myocommata  of  the  trunk,  but  they  are  modified  betveen  the  bases 
of  the  fins ;  whereas  the  angle  the  series  make  in  the  median  line 
points  backwards  as  a  rule,  the  directiou  suddenly  changes  between 
the  pectoral  fins.  Moreover,  the  short  basal  lobe  of  the  pectoral  fin 
is  shown  to  be  invested  on  its  inner  face  with  comparatively  small 
scales  (6.) ;  while  bordering  this  lobe  within  is  a  longitudinal  series  of 
slightly  enlarged  scales  {x.),  all  apparently  about  as  broad  as  long. 
Between  the  pelvic  fins  there  are  also  at  least  two  enlarged  scales 
ip.x.),  bat  they  are  somewhat  fractured  and  their  outline  is  not 
quite  clear. 

Another  fragment  (Brit.  Mus.,  No.  35580J  exhibits  the  dorsal  fin 
consisting  of  more  than  twenty  stout  rays,  some  of  the  basal  joints 
with  traces  of  an  ornament  of  longitudinal  ridges. 

The  spec^  characters  of  the  Whitby  PtyckoUpis  may  thus  bo 
enumerated  as  foUows  : — 

The  type  species,  attaining  a  length  of  about  0'3fi  m.  Length  of 
head  with  opercular  apparatus  equalling  the  maximum  depth  of  the 
trunk  and  nearly  one-quarter  of  the  total  length  of  the  fish.  The 
ridged  ornament  of  the  head  coarse,  very  rarely  mingled  with  few 
tubercles,  and  covering  all  the  external  bones  except  the  gular  plate 
and  hranchiostegal  rays,  which  are  nearly  smooth  ;  the  supraclavicle 
also  ornamented  with  finer  transverse  ridges.  Most  of  the  ridges  on 
the  cranium,  cheeks,  and  opercular  bones  longitudinal ;  the  ridges 
on  the  upper  portion  of  the  dentary  and  hinder  hair  of  maxilla 
oblique.  The  stouter  fin-rays  ornamented  with  few  fine  longitudinal 
ridges  of  ganoine  ;  pelvic  fins  arising  midway  between  the  pectorals 
and  the  caudal ;  dorsal  fin  with  slightly  more  than  twenty  rays, 
arising  well  in  advance  of  the  pelvic  pair.  Scales  marked  with  from 
one  to  four  or  five  delicate,  irregular,  longitudinal  furrows,  sometimes 
discontinuous,  sometimes  branching,  rarely  reaching  ihe  hinder 
border  except  on  the  middle  of  the  abdominal  flank,  and  prodnciug 
an  ornament  of  large,  incomplete,  rounded  ridges  \  the  hinder  border 
deeply  and  coarsely  denticulated. 
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EXPI.AHATIOK  OF  Plates. 

Vun  m 
Fig.  ftgo. 

1.  Z«ptoJl(pi>MAt»eiMim,  Simpson;  left  lateral  aspect.    [P.951]    27 

3.  „  „  „  rightlateral  aspect.  [P.4369]    26 
S.        „                „                 „  two  contorted  fishes  on  slab. 

rf.  dentary  bone.    [P.938]     29 

4.  „  „  „  (type  specimen  of  Leptolepis 

filipeHnis,  Agassiz,  MS.); 
contorted  fish.    [P.512]...     29 

5.  „  „  „  contorted  fish.     [11724]  ..'.     29 

6.  Eugnathus  /asciculatm,  Agassiz,  MS- ;   trunk,  rigkt  lateral 

aspect,  a.,  anal  fin ;  v., 
caudal  fin ;  d.,  dorsal  fin ; 
/)C*.,pectoraIfin.  [P.4468]    33 

7.  „  „  „  three  scales  of  type  speci- 

men.    [P.508]  ...     33 

PlAM  IV. 

1.  PAoUdopiorusgarmanicus,  Qufiastedt;  head,  opercular  appara- 

tus, and  pectoral  fiu,  left 
lateral  aspect,  /rfroutal; 
('.  &p.,  interoperculum ; 
m:)r.,  maxilla  ;  na., nasal; 
p.  o;j.preoperculum;pc(,, 
pectoral  fin.    [P.1058a.]     31 

2.  „  „  „        three  vertebral  rings  in  side 

view.    [P.I058*.]       ...  31 

3.  „                 „                „        pelvic  fiu.     [P.4406]       ...  31 

4.  „                 „                „        caudal  fin.    [P.4406]       ...  31 

5.  „  „  „        hinder  portion  of  imperfect 

trunk,  left  lateral  aspect, 
with  one  scale  enlarged 
twice  in  fig.  5a.  a.,  anal 
fin  ;  c,  caudal  fin  ;  d., 
dorsal  fin  ;  plv.,  pelvic 
fin.     [P.1058]  ...     32 
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Fig*.  Plati  V.  Pag«. 

1.     Ptycholepii  boUensu,   Agaseii ;   imperfect  fish,  left  lateral 

aspect,     a.,  position  of  anal  fin;   c.,  caudal  fin;  cL, 

clavicle;  d.,  dorsal  fio  ;  md.,  mandible;  mx.,  maxilla; 

op.,  operculum;   orb.,  orbit;  pet.,  pectoral  fin;  plv., 

pelvic  fin  ;  t.op.,  suboperculum.     [F.858]  ...     38 

la.  Outline  of  five  flank-acalea  of  same  specimen,  twice  natural 

size,  showing  arrangement  of  ornamental  grooves        ...     39 
16.  Scales  at  base  of  lower  caudal  lobe  of  same  specimen,  twice 

natural  size       ...  ...  ...  ...     39 

3.  PtydwU^bolUmis,  tig»M\z;  head  and  anterior  scales,  left 
lateral  aspect,  gu.,  remuns  of 
gutar  plate ;  other  letters  as 
above.     tP.858  a]  ...     39 

3.  „  „  „        ventral  aspect  of  fish,  wanting 

end  of  caudal  regiun.  b-,  small 
scales  at  base  of  pectoral  fin  ; 
ch.,  ceratohyal  ;  pet.,  pectoral 
fins ;  plv.,  pelvic  fin  ;  p.x.,  en- 
larged scales  between  pelvic 
fins;  X.,  enlarged  scales  be- 
tween pectoral  fins.    [P.5222]     39 

4.  „  „  ti        right  mandibular  ramus,  outer 

aspect.     [P.  3691«]  

Note. — All  tbe  specimens  represented  on  these  plates  are  preserved  in 
the  British  Museum,  and  the  numbers  in  square  brackets  refer  to  the  Register 
of  the  Department  of  Qeology.  Unless  otherwise  stated,  the  figures  ai«  of 
the  natural  dze. 
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OM   BCnCI  RIOEirT  ADTANCK  HT  BKtTIBH  PALAOBOUHT. 
BT  THO&   HICK,   B.A.,  B.SC.,  A.L.S. 

Amttant  l^Omw  in  Botany,  Owens  €k>G«g«,  Manduiter. 
(  Received  and  Read  y<mmber  ISth,  1895. ) 

In  a  paper  read  before  this  Society  in  1891,*  I  referred  to  the 
advantage  of  periodically  taking  stock  of  our  poasesrions  in  matten 
of  science,  and  gave  an  outline  cf  what  was  then  known  of  the  stanc- 
ttire  of  the  Yorkshire  specimens  of  Caktmitet.  On  the  present  occa- 
sion I  propose  to  repeat  the  process  on  a  somewhat  more  extenuTfl 
scale,  and  to  give  a  summaTy  account  of  some  of  the  roost  notable 
additions  which  have  been  made  to  our  knowledge  of  certain  types  of 
Carboniferous  plants,  since  the  former  paper  was  written.  I  will 
b^n  with  the  genus  Calamitet. 

Calauitbb. 

Our  knowledge  of  the  organisation  and  structure  of  the  plants 
referred  to  this  genus  has  been  so  greatly  extended  during  the  last 
four  years,  that  they  may  now  be  regarded  as  among  the  best  known 
of  the  plants  of  the  Coal  Measures.  To  show  this,  it  will  be  con- 
venient, as  in  the  previous  paper,  to  take  the  different  roembers  of 
the  plant  in  the  usual  order,  and  point  out  in  each  case  the  nature 
of  the  diseoveriea  which  have  been  made  nith  respect  to  it. 

The  Boots. — With  referenue  to  the  roots  of  Calamites,  I  stated 
in  1891t  that  our  knowledge  of  their  structure,  so  far  as  our  York- 
shire specimens  were  concerned,  appeared  to  be  a  complete  blanL  It 
was  noted,  however,  that  M.  Renault's  researches  had  led  him  to  the 
conclusion  that  the  fossils  known  as  Aatromyehn  were  in  reality  the 
roots  of  Calamodeitdron  and  Artkropitys,  which  are  forms  of  Calamitet. 
But  seeing  that  in  the  Yorkshire  forms  of  Agtromyelon,  the  chief 
characteristics  of  a  root  structure  had  not  been  made  out,  I  deferred 
accepting  this  determination  until  evidence  of  their  possessing  snch 
a  structure  was  forthcoming. 
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Since  then  M.  Renanlt  hu  publisbed  the  results  of  further 
JDTeBtigationa  on  the  subject/  which  fiilly  eatablish  the  coirectnesa 
of  his  views,  so  fkr  as  they  affect  the  French  fosuls  which  he  refers  to 
the  genus  Attromi/elon. 

This  led  to  a  re-iDTestigation  of  the  English  specimens  of 
Attromjfelon  by  the  late  Prof  Williamson  and  Dr.  D.  H.  Scott,  who 
communicated  a  memoir  to  the  Royal  Society  in  October  of  last  year, 
specially  deroted  to  the  roots  of  Calawtitei.  At  the  time  of  writing, 
the  memoir  has  not  been  published  tn  exlmuo  with  the  usual  illustra- 
tions, but  an  abstract  of  it  will  be  found  in  the  Proceedings.t  In 
this  the  authors  express  the  opinion  tlial:  Renault's  views  of  the 
nature  of  AttrvmyeUm  may  be  safely  extended  to  our  English  fossils. 
They  fouud  specimens  of  A»tromy«lon  arising  as  adventitious  roots 
from  the  stem  of  OtlamiUt,  and  having  all  the  characteristics  of 
notnal  roots,  including  centripetally  developed  primary  xylem 
strands,  alternating  in  the  primary  stage  with  phloem  strands,  and  at 
a  later  period  with  the  secondary  xylem  bundles. 

It  seems  then  that  the  evidence  asked  for  in  1R9I  as  to  the 
root-nature  of  Astromyelon  is  now  supplied,  and  that  the  blank  in 
our  knowledge  of  the  structure  of  the  roots  of  Catamites  has  been 
satisfuctorily  filled  up. 

In  saying  this, 'however,  it  must  be  added  that,  so  far,  my  own 
observntinus  have  not  confirmed  this  view  of  the  nature  ot  Asti-omt/elon. 
I  have  carefully  examined  a  lai^  number  of  preparations  of  t)ie 
fossil,  some  of  them  in  a  state  of  preservation  which  is  practically 
perfect,  so  far  as  tlie  critical  tissues  are  concerned,  and  have  failed 
to  distinguish  the  centripetally  developed  primary  xylem  strands, 
from  the  .«ecotidnr}-  xj'Iem  bundles.  Under  these  circumstances  it 
will  be  for  further  investigation  to  show  whether  two  distinct  plants, 
or  parts  of  plants,  have  hitherto  been  confused  under  the  name  of 
Astromyeln,  or  whether  there  is  some  otlier  explanation  of  the 
apparent  discrepancy. 

The  Sl'-m. — In  1891,  the  structure  of  the  aerial  stems  of  Catamites 
was  said  to  be  tolerably  well  known,  at  least  in  a  general  way,  but  it 
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was  intimated  tbat  additional  information  was  being  accumulated** 
Since  then,  the  late  Prof.  Williamson  and  Dr.  D.  H.  Scott  have 
re-inrestigated  the  matter,  and  have  published  their  observations  in  a 
joint  memoir  contributed  to  the  Philosophical  Transactions  for  1893. 
These  observations  deal  with  numerous  questions  of  anatomy  and 
development,  which  previous  researches  had  left  unanswered,  and 
bring  our  knowledge  of  these  stems  much  nearer  the  level  of  that  of 
recent  plants  than  had  been  possible  before.  In  the  main,  however, 
they  refer  to  the  stem  of  Catamites  after  the  secondary  changes  it 
usually  exhibits  had  made  some  advance,  and  the  primary  condition 
is  not  so  fiilly  dealt  with. 

Last  year  I  was  able,  in  some  measure,  to  make  up  for  this  by 
publishing  a  series  of  fresh  observations  specially  bearing  upon  the 
primary  structure  of  the  Calamitean  stem,!  as  found  in  a  type  of 
Catamites  which  is  very  common  in  the  Lower  Coal  Measures  of 
Yorkshire.  Without  going  into  details,  for  which  the  paper  itself 
must  be  consulted,  it  may  be  submitted  that  those  who  will  read  it 
along  with  the  much  more  elaborate  memoir  by  Williamson  and  Scott, 
will  admit,  that  from  a  very  early  to  a  somewhat  late  stage  of 
development,  the  stem  of  Calamites  is  quite  as  well  known  as  those 
of  the  majority  of  recent  plants.  It  is  not  certain  that  all  the  stems 
dealt  with  by  Williamson  and  Scott  are  of  the  same  species  as  those 
described  in  my  paper,  but  in  spite  of  this,  the  one  set  may  be 
regarded  as  complementary  to  the  other,  until  we  are  able  to 
distinguish  individual  from  specific  differences.  All  the  same  it  may 
be  worth  mentioning  that  my  specimens  are  of  the  type  known  as 
Arthrapitys,  which  seems  to  be  the  one  that  is  most  abundant  in  the 
Lower  Coal  Measures  of  Yorkshire.  A  notable  feature  in  them  is 
the  peculiar  character  of  the  inner  cortex,  which  consists  of  relatively 
large  cells,  but  of  different  sizes,  containing  masses  of  black  car- 
bonaceous matter.  These  cells  form  a  continuous  zone  of  tissue 
which  I  have  elsewhere  named  "  melasmatic  '*  tissue. 

The  Leaves, — As  in  the  case  of  the  roots,  so  in  that  of  the 
leaves  of  Calamites,  it  was  necessary  to  admit  in  1891  that  little  or 


*  Loc.  cit.,  page  4. 
t  Menu  and  Proc.  of  the  Manch.  Lit.  and  Phil.  Soc.,  series  4,  vol.  viii.,  1893-4. 
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nothing  was  known  of  their  etnicture.*  But  no  such  necessity  ezieta 
now.  Id  working  out  the  primaiy  structure  of  the  st«m,  my  attention 
waa  frequently  arrested  by  sections  of  leaves  which,  from  certain 
well-marked  histological  characters,  I  concluded  were  the  leaves  of 
the  Calamitean  steins  associated  with  them.  Subsequently  demon- 
steative  proof  of  this  conclusion  was  obtuned  from  preparations  made 
by  Mr.  Binne,  of  Halifax,  and  in  April  of  this  year  a  detailed  des- 
cription of  these  leaves  was  communicated  to  the  Manchester  Literary 
and  Philosophical  Uociety.t  So  far  as  I  can  discover,  this  is  the  first 
and  only  account  hitherto  published  of  the  stmctnre  of  the  leaves  of 
Cctlamitea,  and  this  being  so,  a  brief  description  of  the  chief  features 
may  not  be  unacceptable  here,  tbongfa  full  details  must  be  sought  in 
the  paper  referred  to. 

Arranged  in  whorls  at  the  nodes  of  ^e  ultimate  twigs,  the  leaves 
of  the  Arlhvpitys  type  of  (kUamitSB  are  small,  linear  structures, 
measuring  approximatively  2^  millimetres  (^  inch)  in  length, 
f  millimetre  (■fy  inch)  in  breadth,  and  ^  millimetre  (^„  incli)  in 
thickness.  In  transverse  sections  near  the  mid(ile,  the  shape  is  not 
unlike  that  of  the  leaves  of  some  Conifers,  the  upper  surface  being 
somewhat  flattened,  the  lower  more  or  less  convex,  and  the  maigins 
extended  into  narrow  blunt  wings.  At  the  outside  of  the  section  is 
an  epidermis  composed  of  a  single  layer  of  cells.  Beneath  this  is  a 
layer  of  palisade  cells,  continuous,  or  nearly  so,  all  round  the  section, 
and  forming  a  zone  of  assimilating  tissue,  which  widens  out  at  the 
side  to  form  the  obtuse  wings.  The  central  part  of  the  leaf  enclosed 
by  the  assimilating  tissue  is  circular  in  section.  Eitornally  it  carries 
a  single  layer  of  large  celb,  with  black  contents,  forming  a  "  melas- 
matic "  tissue,  which  is  either  continuous  round  the  section  or 
interrupted  at  the  middle  point  of  the  upper  side.  Within  the 
"  melasmatic  layer  "  we  have  a  circular  group  of  apparently  cellular 
elements,  in  which  is  placed,  excentrically  and  nearer  the  lower  side, 
the  transverse  section  of  a  very  delicate  vascular  strand. 

Towards  the  base  and  apex  of  the  leaf  the  transverse  sections 
show  a  number  of  minor  modifications  in  shape  snd  structure,  but  in 
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moet  oaaefl  the  oiganiflfttum  is  ndial  nther  than  domTentnl,  and 
we  ean  usmlly  reoognise — 

1.  A  oentr&l  cylinder  or  steley  in  whioh  is  a  delicate,  eccentric, 

Tawnlar  stiaod, 
:i.  A  lone  surronnding  this,  corresponding  to  the  cortex  of  the 
stem,  and  made  np  of 
(a)  An  inner  single  layer  of  "  melasmatic  "  elements,  and 
(6)  An  enter  thicker  layer  of  assimilating  tissue. 
8,  A  single  layered  epidermis. 

The  presence  of  a  "  melasmatic  "  layer  in  tiiese  leaves,  corres^ 
ponding  in  its  histological  characters  and  position  with  that  of  the 
stem,  IB  an  indication  that  they  belong  to  the  same  type  of  Calamiim 
as  the  stems  refiarred  to. 

Tli0  Frmt$. — In  referring  to  the  fruits  of  Catamites  in  1891,  I 
sammarised  rery  briefly  the  conflicting  views  held  by  pabeobotanists 
with  respect  to  the  sporangiferous  spike  known  as  Calamastackys 
Binneyana  Schimp.,  views  which  had  already  been  set  forth  at  full 
length  by  Mr.  Cash."^  Reference  was  made  to  the  fact  that  in  the 
first  part  of  the  General,  Morphological,  and  Histological  ludexf  to 
his  Memoirs,  Williamson  modified  the  views  he  had  previously 
expressed  at  various  times  so  far  as  to  include  the  spike  in  the  great 
group  of  Calamarieas,  but  it  was  pointed  out  that  this  was  not  the 
same  thing  as  affirming  that  it  was  the  fruit  of  Catamites.  Moreover, 
in  so  placing  it  he  did  not  associate  it  with  the  genus  Catamites,  but 
with  the  fossils  which  he  then  named  AsteropAi/ltites,  but  which  he 
subsequently  referred  to  the  genus  Spherwphyttum.X  The  discrepant 
views  as  to  the  affinities  of  this  spike  were  attributed  to  the  absence 
of  any  published  specimen  which  showed,  in  a  demonstrative  manner, 
the  structure  of  the  axis,  and  the  suspicion  was  expressed  that  that 
axis  would  yet  prove  to  have  a  Calamitean  structure,  and  that  in 
some  cases  at  least  this  "fruit'*  would  turn  out  to  be  that  of 
Arthropitys. 

This  suspicion  was  almost  immediately  converted  into  a  certainty. 

*  Proo.  of  the  Torksh.  Geol.  and  Polyt.  Soc.,  1887|  pp.  4U  et  seii. 

t  Mem.  and  Proc.  of  the  Manch.  Lit.  and  PhiL  Soc.,  ser.  4,  vol.  iv.,  1890-91. 

X  WmiamMn  and  Soott,  Phil.  Trans.,  vqL  dxxxv.,  B.  (1894). 


48       HICK  :   80MB  RECBNT  ADYAKOBS  IN  BRITISH  PALJBOBuTANT. 

Early  in  the  folIo?ring  jeai  (1892)  a  number  of  fine  sectdons  of  the 
spike,  prepared  by  Mr.  James  Binns,  of  Halifax,  were  generously 
placed  in  my  hands  by  my  firiend  Mr.  Cash,  and  were  subjected  to 
careful  examination.  It  was  soon  found  that  they  afforded  all  the 
evidence  we  required  to  prove  that,  as  a  matter  of  fact,  the  axis  of 
Calamostachys  Binneyana  Schimp,  has,  in  all  essential  points,  the 
same  structure  as  the  stem  of  Cahmites.  This  being  so,  it  was  at 
once  clear,  that  the  affinities  of  the  spike  were  with  Catamites  and 
not  with  the  other  types  to  which  it  had  been  previously  referred. 
Thanks  to  the  excellence  of  the  preparations,  it  was  even  possible  to 
go  a  step  furthw  and  to  indicate,  on  the  ground  of  certain  anatomical 
peculiarities,  the  type  of  stem  which  had  borne  it  as  its  fruit. 
Among  these  peculiarities  is  the  presence  of  a  "  melasmatic  "  layer 
of  tissue  in  the  sterile  bracts  of  the  spike.  These  bracts  have  a 
structure  which  is  obviously  but  a  modification  of  that  of  the  leaves, 
and  the  ''  melasmatic  "  layer  agrees  in  all  respects  with  that  already 
noticed  in  the  leaves  and  stems.  On  this  and  other  grounds,  there 
is  no  doubt,  in  my  own  mind,  that  these  leaves  and  stems  already 
referred  to,  and  Calamostachya  Binneyana,  are  all  parts  of  one  and 
the  same  type  of  Calamites,  which  appears  to  be  that  known  as 
Arthropitys. 

A  paper  containing  the  results  of  the  observations  made  was 
read  at  the  Edinburgh  Meeting  of  the  British  Association  in  1892,* 
at  the  Geological  Society  of  London  in  the  same  year,  and  before  this 
Society  in  March,  1893.  Subsequently  it  was  published  in  the  Pro- 
ceedings,t  where  those  interested  may  be  referred  for  details. 

At  the  end  of  1893,  an  elaborate  memoir  on  Calamites,  Cat- 
amostachys  and  Sphenophylluniy  was  communicated  to  the  Royal 
Society  by  the  late  Prof.  Williamson  and  Dr.  D.  H.  Scott,  in  which 
the  structure  of  Calamostachys  Binneyana  Schimp.  was  described  in 
detail,  and  its  affinities  discussed  at  considerable  length.^:  In  the 
result,  they  seem  to  have  arrived  at  substantially  the  same  conclusions 
on  both  matters  as  I  had  previously  reached,  so  that  it  may  now  be 

♦  Report  1892,  p.  776. 

t  Proc.  of  the  Yorksh.  Geol.  and  Polyt.  Soc.,  voL  xiL,  1894. 

jPhiL  Tran§.,  vol.  clxxxv.,  B.  (1893). 
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Bftid  Uiat  tiie  Calamitean  affinities  of  the  spike  are  generally  acknow- 
ledged 

Id  addition  to  Calamostachya,  there  is  another  type  of  spike 
which  from  its  structure  Williamsou  long  ago  described  as  tbe  "  true 
fruit  of  QtlamiUt,"*  and  which  he  and  Scott  have  further  investigated 
in  the  memoir  referred  to.  They  are  so  convinced  of  the  Calamitean 
nature  of  this  spike  that  they  distinguish  itas  Catumites  pedunculatiu, 
but  they  point  out  that  it  bears  a  close  resemblance  to  the  strobilus 
described  by  Renault  under  the  name  of  Volimannia  g>-acilis,i  and 
placed  by  Solms-Laubach  in  Weiss's  genua  Palwoitachya.X 

Discussing  the  question  as  to  whether  or  not  tbe  two  types  of 
spike  have  belonged  to  closely  allied  plants,  they  appear  to  favour 
the  view  that  they  have,  a  view  which  in  the  present  state  of  our 
knowledge  appears  to  be  the  most  probable  one.  Personally  I  am  the 
more  inclined  to  accept  it  because  my  own  observations  have  led  me 
to  the  conclusion,  that  as  at  present  constituted,  the  genus  Catamites 
is  a  collective  one,  and  includes  several  forms  that  may  ultimately  be 
separated  as  distinct  geuera.  In  that  case,  it  may  well  be  that 
different  sections  of  the  group  may  have  had  somewhat  different 
fruit-spikes. 

Spbbhophtlluu. 

It  has  been  mentioned  above  that  the  fossils,  originally  described 
by  Williamson  under  the  name  of  Asterophiillitei,\^  were  subse- 
quently transferred  by  him  to  the  genus  Sphenophyllum.^  This  is  an 
important  change,  as  it  gives  the  fossils  a  more  definite  place  among 
Carboniferous  Cryptogams,  and  removes  the  source  of  some  confusion, 
continental  palajobotaniata  usually  giving  the  name  Astm-ophylUtes  to 
leafy  branches  of  Calamites  or  of  Calamitean  al^nities. 

A  still  more  important  matter  in  connection  with  this  genus  is 
tbe  discovery  recently  made  by  M.  Zeiller  with  respect  to  its  fruit. 
So  far  back  as  1871  Williamson  described  a  fossil  fruit-spike  under 

•Phil.  TratiB.,  1S8H. 

t  Aniialet  des  Sciences  Nuturelles,  Botonique,  gerieii  4,  lome  iiL 

t  f  osail  Botany,  p.  332. 

II  PhiL  Trans.,  1874,  1878. 
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the  name  of  VoUcmannia  Dawsoni,"^  which  differed  materially  from 
all  the  spikes  previously  known.  Subsequently  he  made  further 
investigations  into  its  structure,  which  were  published  in  the  Philo- 
sophical Transactions  for  1874,  1890,  and  1891.  But  in  1884  Weiss 
had  transferred  the  spike  to  the  genus  Bowmanites.f  established  in 
1870  by  Binney  for  a  spike  which  he  named  Bowmanites  cambrensis^X 
and  Williamson  adopting  this  change,  the  spike  became  known  as 
Bowmanites  Dawsoni.  Like  that  of  Volkmannia  Dawsoni,  however, 
this  name  proved  to  be  a  provisional  one  only,  for  M.  Zeiller  in 
studying  some  line  preparations  of  the  fruit  of  Sphenophyllum  cunei- 
/olium,  came  to  the  conclusion  that  Bowmanites  Dawsoni  was  the 
fruit  of  that  species  of  Sphenophyllum,  In  a  short  paper  contributed 
to  the  Comptes  rendus  de  FAcademie  des  Sciences  in  1892,  he  gives 
the  reason  for  this  conclusion,  and  states  that  the  spikes  of  Spheno- 
phyllum cunei/olium  were,  in  every  respect,  identical  in  structure,  as 
well  as  in  the  size  of  the  various  parts,  with  the  spike  described  by 
Williamson.  In  1893  he  published  a  full  account  of  his  observations 
with  illustrations,  II  which,  according  to  Williamson  and  Scott,  §  leave 
no  doubt  as  to  the  essential  agreement  between  the  undoubted 
strobili  of  Sphenophyllum  which  he  investigated,  and  the  English 
specimens  described  as  Bowmanites  Dawsoni.  The  question  as  to 
specific  identity,  however,  they  prefer  for  the  present  to  leave  an 
open  one. 

Here  then  we  have  another  fniit-spike  brought  into  its  proper 
relations  with  the  plants  to  which  it  belongs,  and  it  becomes  possible 
to  describe  with  some  fulness  both  the  stems  and  the  reproductive 
organs  of  Sphenophyllum.  We  are  still  somewhat  in  the  dark  how- 
ever as  to  the  roots,  and  our  knowledge  of  the  structure  of  the  leaves 
is  not  complete,  but  it  is  scarcely  too  much  to  hope  that  before  long 
these  deficiencies  may  be  made  good. 

As  regards  the  structure  and  development  of  the  stem  of  Spheno- 
phyllum and  the  differences  met  with  in  the  species  whose  structure 

*  Mem.  and  Proc.  of  the  Manch.  Lit.  and  Phil.  Soc,  ser.  3,  vol.  iv. 
t  Steinkohlen-Calamarien,  vol.  ii.  %  Palaeontographical  Society. 

i)  Memoires  de  la  Soci^td  GeoL  de  France.  Pal^ontologie,  Mem.  ii.,  1893. 
This  Memoir  I  have  not  seen.  I  am  indebted  for  a  knowledge  of  it  to  the 
Memoir  by  Williamson  and  Scott.     See  next  reference. 

§  Phil.  Trans.,  vol.  clxxxv.  (1894)  B.,  p.  934. 
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ii  known,  our  knowledge  has  been  gnMj  extended  1^  the  recent 
inrestigntions  of  WiOiamson  and  Scott  The  details  of  these  are 
ccuitained  in  the  memoir  referred  to  already,  and  a  study  of  them 
will  show  how  mach  they  are  in  advance  of  the  knowledge  previously 
aoqaired. 

On  the  affinities  of  SpkenopkfUum,  with  regard  to  whieh  different 
anthorities  hold  different  views,  the  researches  referred  to  throw  little 
or  no  new  light  They  confirm,  however,  the  conclusion  that  in  the 
SpkemophgUtm  we  have  a  group  which  cannot  be  cLissed  with  any  of 
the  existing  types  of  Vascular  Cryptogams,  but  they  still  leave  open 
the  question  as  to  where  their  nearest  allies  are  to  be  looked  for. 

Ealoxtlon  Hooxbri,  Will 

Among  Carboniferous  plants  with  structure,  there  are  few  or 
none  whose  sections  present  a  more  striking  appearance  than  those 
placed  in  the  genus  Kaloxylon,  The  genus  was  instituted  by 
Williamson  in  1876,  to  receive  a  number  of  specimens  which  he 
described  under  the  name  of  Kaloxylon  Hookeri,^  and  which  he  treated 
as  firagments  of  stems  or  branches.  Further  specimens  in  different 
stages  of  development  were  described  and  figured  by  him  in  1887,t 
and  it  was  then  suggested  that  the  least  developed  specimens  were 
probably  rootlets,  but  the  older  specimens  were  still  treated  as  stems. 

Some  years  later,  Williamson  made  a  re-investigation  of  the 
structure  of  Lyginodendron  in  association  with  Dr.  D.  H.  Scott,  and 
in  the  course  of  the  work  the  important  discovery  was  made  that 
Kaloxylon  is  the  adventitious  root  of  Lyginodendron,  and  not  an 
independent  plant  at  alL  In  1894  they  communicated  a  joint  paper 
to  the  Royal  Society,^  from  which  it  appears  that  they  had  succeeded 
in  finding  ''specimens,  presenting  in  every  respect  the  typical 
Kaloxylon  structure,"  "  in  actual  continuity  with  the  stem  of 
Lyginodendron"  and  arising  from  it  in  such  a  way  as,  taken  with 
the  anatomical  structure,  proved  that  they  were  roots. 

In  ignorance  of  all  this,  I  was  myself  investigating  the  structure 
of  Kaloxylon  Hookeri,  as  shown  in  a  number  of  fine  preparations  by 


•PhiL  Trana.,  1876.  t  PhiL  Trana.,  1887. 
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Mr.  Binss,  partly  in  my  own  cabinet  and  partly  in  the  Cash  collec- 
tion of  sections  of  fossil  plants  at  the  Manchester  Mnseum,  Owens 
College.  On  anatomical  grounds  aloae  the  conclusion  was  first 
reached  that  all  the  forms  of  Kahse^Ion.  without  excf^tion,  were 
roots.  The  question  then  arose  as  to  whether  these  roots  could  be 
brought  into  relation  with  any  of  the  known  Carboniferous  stem?,  and 
attention  was  directed  to  this  point  In  the  end  it  became  evident 
that  certain  characteristic  and  critical  tissues  of  Kaloxiflan  were 
actually  identical  with  the  homologous  tissues  of  Lggiuodendron, 
and  that  this  was  not  the  case  with  any  of  the  other  Carbon- 
iferous types.  On  this  ground  the  inference  was  made  that 
the  plant  fragments  known  as  Kaltxn/ltm  Hookgri  were  the  roots 
of  Lyginodendron,  the  various  forms  being  simply  different  stages  in 
their  development  A  paper  embodying  my  observations  and 
deductions  was  communicated  to  the  Manchester  Literary  and 
Philosophical  Society*  on  the  Slst  of  May  last  year,  which  by  a 
singular  coincidence  was  the  day  on  which  the  previously  communi- 
cated paper  by  Williamson  and  Scott,  was  read  at  the  Royal  Societj'. 
Thus  by  independent  methods  and  by  independent  workers,  the 
conclusion  has  been  reached  that  the  specimens  of  Lyginodendron 
and  Kahxylon  are  the  stems  and  roots  respectively  of  one  and  the 
same  plant,  and  as  such  they  must  henceforth  be  placed  together. 

LraiNODEKDROH    AND   HeTERANQIUH. 

The  two  genera  placed  at  the  head  of  this  section  were  both 
instituted  by  Williamson  in  1873,  who  at  the  same  time  gave  descrip- 
tions and  figures  of  the  specimens  on  which  they  were  basedt  In 
subsequent  communications  to  the  Royal  SocietyJ  he  made  further 
additions  to  the  knowledge  gained  in  the  first  instance,  and  finally 
undertook  a  complete  re-investigation  of  them  in  conjunction  with 
Dr.  D.  H.  Scott  As  a  result  of  this  joint  work,  a  memoir  on  the 
structure  of  the  vegetative  parts  of  Lyginodendron  and  Heterangium 
was  sent  to  the  Royal  Society  in  the  Spring  of  this  year,  in  which 
our  knowledge  of  their  anatomy  and  histology  appears  to  have  been 
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curied  as  near  completion  aa  tiie  spacimens  at  present  to  hand  will 
pennit  The  Memoir  itself  is  not  yet  available,  but  its  great  imports 
ance  is  obvions  from  the  abstract  which  has  already  appeared  in  the 
Proceedings.^ 

With  respect  to  the  affinities  of  these  plants,  the  authors  of  the 
Memoir  have  arrived  at  most  interesting  and  important  conclusions, 
which  cannot  be  passed  over  without  at  least  a  brief  reference. 
Students  of  palieobotany  will  remember,  that  Williamson's  earlier 
view  was,  that  both  genera  belong  to  the  Ferns.  In  accordance  with 
this,  he  inclnded  them  in  the  third  part  of  the  General,  Morpho- 
logical, and  Histological  Index  to  his  Memoirs, t  which  deak  with 
Ferns,  and  pointed  ont  that  they  approximate  so  closely  to  one 
another,  in  their  structure,  as  to  convince  him  that  they  both  belong 
to  the  same  division  of  the  Fern  family.  The  new  investigations 
have  led  to  an  important  modification  of  this  view,  and  he  and  Dr. 
Scott  are  now  of  opinion  that  "the  evidence  afforded  by  the  vege- 
tative characters "  of  L^ginodendron  and  Heterangium,  "  clearly 
points  to  a  position  intermediate  between  Ferns  and  Cycadeas."  It 
is  admitted,  in  the  abstract  above-mentioned,  that  the  leaves  of 
Lyginodendron,  and  probably  those  of  Heterangium  also,  are  unmis- 
takably Filicinean,  bwt  on  the  other  hand  it  is  pointed  out  that  the 
stnictnre  of  the  stems  is  very  suggestive  of  Cycadean  affinities.  After 
discnssiiig  the  po.'wible  affinitifts  mth  various  groups  of  Fenis,  the 
riew  finally  suggested  by  the  authors  is,  that  the  two  genera  "are 
derivatives  of  an  ancient  generalised  race  of  Ferns,  from  wliicli  they 
have  already  divetged  considerably  in  the  Cycadean  direction.  Of 
the  two  genera,  Heterangium  appears  to  be  geologically  the  more 
ancient,  and  certainly  stands  nearer  to  the  Filicinean  stock.  Lygino- 
dendron,  wliile  retaining  conspicuous  Fem-like  cliaracters,  has 
advanced  much  furtlier  on  Cycadean  lines."  From  tliis  brief  refer- 
ence it  will  be  obvious  that  in  this  Memoir  we  have  the  record  of  an 
important  increase  of  our  knowledge  of  these  two  interesting  types  of 
Carboniferous  plants,  and  it  is  not  impossible  that  it  may  be  the 
starting  point  for  a  further  advance  at  an  early  date. 

ii.,  1893-4. 
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liBPIDODBNDROV  AND  ALLIED  F0BII& 

The  work  done  upon  Lepidodendnm  and  the  forms  allied  to  it, 
since  1891,  though  good  and  useful  of  its  kind,  has  not  resulted  in 
such  great  advances  as  those  already  referred  to  in  connection  with 
other  types.  In  a  memoir,  published  two  years  ago,^  WiUiamson 
made  a  further  contribution  to  our  knowledge  of  the  structure  and 
organisation  of  Lepidodendnm  Harcourtii,  and  gave  an  account  of 
the  stnicture  of  the  leaves.  He  also  brought  forward  a  large  body  of 
fresh  observations  on  the  fossils  known  fls  Halonia  and  Ukdendron, 
with  the  object  of  showing  that  they  are  merely  the  fruit-bearing 
branches  of  Lepidodendra,  and  not  independent  plants  as  is  some- 
times supposed.  Finally,  by  the  aid  of  specimens  supplied  by  Mr. 
Lomax,  he  was  able  to  demonstrate  that  the  twig  described  in  the 
Sixteenth  Memoirt  as  Lepidodendron  Spenceri,  is  the  axis  of  the 
peculiar  strobilus  or  fruit-spike,  with  winged  spores,  described  and 
figured  in  the  Ninth  Memoir,^  so  that  both  structures  are  really 
parts  of  one  and  the  same  plant 

His  last  independent  memoir  was  issued  in  the  spring  of  this 
year,  only  a  short  time  before  his  death.  II  In  it  he  endeavours  to 
elucidate  the  growth  and  development  of  the  arborescent  Lepido- 
dendra  of  the  Coal  Measures  by  a  studv  of  the  details  of  their 
organisation.  In  the  result  some  of  the  views  exi)ressed  on  these 
matters  in  previous  memoirs  are  more  or  less  modified,  and,  to  some 
extent  at  least,  brought  into  harmony  with  those  held  by  other 
palseobotanists. 

Tlie  fruit-spikes  of  Lepidodendron  have  been  "studied  by  Prof. 
Bower  with  results  that  have  an  important  bearing  upon  certain 
morphological  (questions.  His  account  of  the  structure  of  the  axis  of 
Lepidostrohus  Browniiy  Schimp.,§  brings  to  light  quite  a  number  of 
histological  details  which  had  previously  escaped  the  notice  of  palajo- 
botanists,  and  which  led  him  to  institute  a  comparison  of  the  stem 
of  Lepidodendra  with  those  of  existing  Lycopodiaceous  plants.  The 
results  caimot  be  detailed  here,  but  amongst  them  is  the  interesting 


•  Phil.  Trans.,  1893,  B. 

t  Phil.  Trans.,  1889.        t  Phil.  Trans.,  1878. 

Mem.  and  Proc.  of  the  Man.  Lit.  and  Phil.  Soc.,  4th  series,  vol.  ix.,  1894-5. 
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ecmchiaon,  tbftt^  all  ihings  conndeied,  the  anatomical  straetore  of 
Ltfpidadmidnm  aj^roximates  moat  closely  to  that  of  the  PMotacea. 
The  stniGtiiie  of  the  Sporangia  of  Lepidodendron  is  described 
with  some  detail  in  his  elaborate  memoir  on  The  Morphology  of  the 
Spore-piodacing  Members  of  the  Equisetinew  and  Lycopodinea.^ 
Here  it  is  shown  that  the  sporangia  of  Lepidodendron  are  of  two 
types.  In  LepidoehrdmB  Brownii,  Schimp.,  "the  sporangial  wall  is 
several  layers  of  cells  in  thickness,  and  the  cavity  traversed  by  rod- 
like Tnafwwww  of  tissae  (trabecule),  while,  in  other  forms,  the  wall 
conaiats  of  a  single  layer  when  mature,  and  the  cavity  traversed  by 
one  or  more  irregular  plates  of  sterile  tissue."  In  both  cases,  how- 
e^etf  the  sterile  tissues  spring  from  the  floor  of  the  sporangium, 
whidi  projects  into  the  cavity  to  form  the  "  sub-archesporial  pad," 
and,  thongh  it  is  not  proved,  it  seems  probable  that  they  are  similar 
in  their  origin  to  the  trabeculsB  of  I$oetes, 

Myeloxtlon,  Brongt. 

In  a  paper  on  this  genus  of  Carboniferous  plant8,t  whose  affini- 
ties have  hitherto  been  more  or  less  undecided,  Mr.  A.  C.  Seward 
brings  forward  a  number  of  fresh  observations  in  support  of  the  view 
that  it  agrees  more  closely  with  recent  Cycads  than  with  Ferns. 
They  are  ba^ed  upon  specimens  of  Myeloxylon  from  the  Millstone 
Grit,  sections  of  petioles  in  the  Binney  Collection,  in  the  Wood- 
wardian  Museum,  Cambridge,  and  a  preparation  in  the  Williamson 
Collection.  It  is  not  pretended  that  the  evidence  these  specimens 
afford  is  sufficient  for  a  final  decision  on  the  affinities  of  Myeloxylon, 
but  it  seems  to  bear  out,  to  a  large  extent,  the  author's  conclusion 
that "  Myeloxylon  should  be  looked  upon  as  an  extinct  genus,  not 
exactly  corresponding  to  any  recent  family  of  plants,  but  one  which 
comes  very  near  to  the  Cycadese  in  anatomatical  structure,  and  prob- 
ably occupies  a  position  between  Cycads  and  Ferns,  but  nearer  to  the 
former  than  to  the  latter." 

In  another  paper^  the  same  author  describes  a  new  Fern  from 
the  Coal  Measures,  under  the  nume  of  Rachiopteria  WilUamsonl 

•  PhiL  Ti-ana.,  vol.  clxxxv.  (1894)  B. 
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The  description  is  based  upon  sections  in  the  WilliamsoD  Collection, 
which  had  been  previously  referred  to  the  genus  Mytlopteria,  a 
synouym  of  Myelojsyion,  Brongt. 

GOHCLDSION. 

The  record  of  prc^^ss  set  forth  in  the  preceding  pages  may,  I 
think,  be  justly  described  and  without  exaggeration,  as  a  remarkable 
one,  especially  when  it  is  borne  in  mind  that  it  is  a  record  of  work 
dune  within  the  narrow  limits  of  four  years.  Looking  back  at  the 
history  uf  British  Palseobotany  during  the  last  half  centurj',  it  may 
be  <loubted  whether  any  previous  period,  of  ecjual  length,  ha»  pro- 
duced more  good  and  solid  work  than  this.  Not  only  so,  but  it  will 
he  noticed  that  tlie  advances  made  have  not  been  restricted  to  one 
direction  only,  a  point  to  which  a  few  concluding  word^  may  appro- 
priately be  devoted. 

In  the  first  place  it  may  be  noted  that  the  Investigation  of  the 
structitte  and  development  of  fossil  plants  has  been  made  more 
searching  and  critical,  and  has  been  pursued  alonj^  the  same  lines  and 
by  the  light  of  tlie  same  morphologicnl  conceptions,  as  the  investiga- 
tion of  existing  plants.  This  is  a  brancli  of  the  subject  which, 
though  less  striking  perhaps  to  jutlicontologists  in  general,  is  of  the 
highest  possible  importance,  and  j.s  often  indeed  the  indiMpen.sable 
condition  for  progress  in  other  directions.  I  regard  it  tlierefore,  a.- 
i>f  guoil  omen  for  the  future  of  British  pala;ohotany.  that  its  methods 
and  ubjcfts  are  being  approximated,  a&  far  a,s  circumstances  will 
allow,  to  those  which  prevail  in  the  investigation  of  living  plants. 

In  the  next  place  considerable  progress  has  been  mode  by  bring- 
ing together  in  their  proper  relations,  as  part.s  of  one  and  the  same 
organism,  fragments  of  fossil  plant''  which  hitherto  liave  been 
scattered  and  separated,  the  disjecta  membra  of  organisms  unknown. 
That  there  is  much  more  to  be  done  in  this  direction,  no  one  can 
doubt  who  has  any  aoiuaintance  with  the  subject,  and  the  succesn 
already  achieved  should  be  an  incentive  to  further  effort  Such 
effort  is  all  the  more  worth  making  since  when  succesful,  the  ground 
is  cleared  of  a  number  of  generic  and  specific  names,  which  it  renders 
superfluous,  and  this  of  itself  is  a  great  gain. 
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I^sdy,  on  the  question  of  affinitiea,  our  knowledge  lias  adnnced 
considerably,  with  tLe  result  th&t  while  Bome  older  views  have  been 
confirmed  others  have  unde^ne  more  or  less  modification.  In  some 
cases,  as  in  that  of  SphaneopAyllum,  the  fossil  forms  refuse  to  be 
incorporated  in  the  groups  formed  by  existing  plants,  and  the  system 
has  to  be  enlarged  in  order  to  accommodate  them.  This,  though 
troublesome  in  some  respects  for  the  time  being,  is  a  result  which 
should  be  welcomed,  as  bringing  us  a  step  nearer  to  that  system  of 
classification  which,  at  least  approximately,  will  represent  the  actual 
Goone  of  evolutiouary  progress. 
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THE  MALHAM  DRT   RIVER  BED.      BT  THOMAS  TATE,   F.Q.S. 

(Communicated  November  ISth,  1895.) 

Eighteen  years  ago  this  Society  organised  an  exploration  party 
for  the  purpose  of  ascertaining  the  origin  of  the  River  Aire.  The 
diverse  opinions  held  up  to  that  time,  are  fairly  summarised  in  the 
words  of  Whitaker  : — "  Speaking  in  general  terms,  the  lake  may  fairly 
be  considered  as  the  source  of  the  Aire  ;  but  as  its  outlet  quickly 
sinks  into  the  ground,  and  is  lost,  and  as  several  streams  which 
appear  below  contend  for  the  honour  of  the  connection,  it  still  remains 
a  matter  of  some  uncertainty  to  which  of  them  the  preference  is  to 
be  given.  The  inhabitants  of  Malham  plead  that  the  waters  of  the 
Tarn  actually  appear  again  in  two  most  abundant  and  beautiful 
springs  about  a  quarter  of  a  mile  below  the  village,  and  nearly  three 
miles  from  the  place  of  immersion.  This  opinion  seems  most  pro- 
bable. But  from  the  foot  of  the  Cove,  and  almost  a  mile  nearer  to 
the  Tarn,  a  copious  stream  breaks  out,  which  has  undoubtedly  the 
second  claim.  Yet  it  is  well  known  that  a  collection  of  springs  rising 
in  the  Black  Hills,  the  Hensetts  and  Withes,  is  swallowed  up  in  a 
field  called  the  Streets ;  and  from  the  turbid  quality  of  the  water, 
very  unlike  that  of  the  Tarn,  there  is  little  doubt  that,  after  a  sub- 
terranean course  of  more  than  two  miles,  this  is  the  stream  which 
here  emerges  again.  Thirdly,  the  Airton  Water,  from  which  the 
village  derives  its  name,  seems  precluded  by  its  distance  from  any 
reasonable  pretensions.  Fourthly,  Gordale  Water,  which  springs  in 
the  Great  Close,  and  of  which  the  whole  course  may  be  traced,  can 
have  no  other  claim  than  that  of  a  collateral  feeder."  "  West 
Yorkshire "  contains  the  following  account  of  the  origin  of  this 
river : — "  The  River  Aire  has  its  source  in  several  small  streams 
rising  in  the  moorlands  at  the  foot  of  Fountain's  Fell  and  Hard  Flask. 
The  principal  stream  runs  from  Capon  Hall  to  the  Tarn,  and  is 
joined  by  others  in  its  passage.  A  second  feeder,  having  its  origin 
near  Capon  Hall,  runs  in  a  more  southerly  direction  for  about  a  mile 
over  the  Streets,  and  sinks  in  a  cleft  in  the  rock  near  an  old  smelting 


.  j'.h'l  lialf  a  mil"  li'.'!«)\v  is  loiiii'il  liv  tlio  stiT'.-im  fniin  (iordalo. 
0  tI:'-];  rnii-  n-Mrly  iln**  s.-iitli  tlir.iiL'li  U.-mlilli  r-iA  Airtou  to 
k,  wilt;!'"  i:  1>  i..:i'mI  I'V  fiif  ( )t  t  ■:  I'liiii.  ' 
jse  coiitlictiii«3'  .stateiiieiits  sugge^tcd  a  series  of  investigations 
uld  determine,  as  far  as  possible,  the  actual  source  of  the 
d  a  report,  with  full  details  of  the  work  done,  appeared  in 
seedings  for  1879.  It  was  found  that  the  drainage  off  Hard 
id  Fountain's  Fell  into  Malham  Tarn,  after  flowing  south  for 
lie,  disappeared  in  the  **  water-sinks,"  the  bulk  of  the  water 
ing  at  Airehead  Springs,  nearly  three  miles  below  the  Tarn  ; 
under  emerging  at  the  foot  of  the  Cove, 
i  the  waters  of  the  Aire  have  not  always  taken  this  sub- 
a  course.  Hurtley,  the  Malham  Schoolmaster,  writing  in 
rg  : — "  From  the  apex  of  this  Cove,  after  what  is  in  this  part 
mntiy  called  a  ruog,  or  a  succession  of  rainy  and  tempestuous 

when  the  water-siuk  at  the  southern  extremity  of  the 
inable  to  receive  the  overflux  of  the  Lake,  there  falls  a  large 
ry  torrent,  making  a  more  grand  and  magnificent  cascade 
igination  can  form  any  idea  of.     This  vast  and  precipitate 

80  generally  enquired  after,  and  so  seldom  seen  by  travellers, 
immer  months  hath  been  so  much  admired  as  to  leave  it 
mbject  of  wonder  and  concern,  that  tlie  iidcts  of  the  stream 
ight  easily  be  done,  have  not  been  stopped,  and  this  lofty 

Afimia  ^ft-fumrf.  f.ViAroKv  ronHoroH   n   T^omofnol   nViionf  a-P  rrro+ifi- 


I     I 


I-* 


I. 


60  TATE  :  THB  MALHAM  DBT  BIYEB  BED. 

A  dry  river  bed,  extending  from  the  water-sinks  to  the  summit 
of  Malham  Cove,  forms  a  marked  physiographical  peculiarity  of  this 
elevated  area  which,  as  remarked  by  Phillips,  can  be  distinctly 
followed.  Yet  it  is  no  exaggeration  to  say,  that  every  summer 
thousands  of  pleasure  seekers  wander  in  close  proximity  to  this 
charming  dry  valley,  and  pass  on  unconscious  of  its  existence.  This 
interesting  geological  and  topographical  feature  is  fully  illustrated  in 
the  following  series  of  admirable  photographs,  for  which  the  Society 
is  deeply  indebted  to  Mr.  (Godfrey  Bingley,  of  Leeds.  The  skill  and 
good  taste  of  the  photographer  in  selecting  his  points  of  attack 
awaken  the  warm  admiration  of  those  who  know  the  difficulties  of  the 
situation  and  the  labour  which  must  have  attended  their  production. 
They  give  an  artistic  and  accurate  representation  of  the  whole  length 
of  this  interesting  little  gorge,  and  on  the  map,  which  is  added,  the 
place  from  which  each  photograph  was  taken,  and  the  direction  of 
view  is  indicated  by  a  numbered  arrow-head. 

(No.  1) — Malham  Tarn  (alt.  1246  ft.)  View  looking  north, 
across  the  Tarn  to  Tarn  House  (the  seat  of  Mr.  Walter  Morrison,  M.P.), 
with  Malham  Moor  in  the  background.  The  sluice-gates  are  seen  at 
the  foot  of  the  Tarn.  Silurian  rocks  occupy  the  foreground  and 
constitute  the  floor  of  the  Tarn  ;  the  moorlands  beyond  the  house  are 
of  Mountain  Limestone.  The  stream  leaving  the  Tarn  crosses  the 
north  branch  of  the  Craven  fault  near  the  Wate-sinks  Gate,  and  the 
fault  may  be  seen  in  Gordale  Beck,  to  the  east 

(No.  2)— The  Water-sinks  (1200  ft.),  half  a  mile  below  the 
Tarn.  Here  the  waters  are  swallowed  up  by  fissures  in  the  Moun- 
tain Limestone,  some  of  which  may  be  seen  at  the  base  of  the  wall  to 
the  right,  but  the  sinks  occur  chiefly  for  a  short  distance  down  the 
valley,  on  the  other  side  of  this  boundary  wall.  When  the  photo- 
graph was  taken  there  was  no  water  passing  down  the  water-sinks, 
the  sluices  being  closed.  "  Malham  Water,  a  lake  embosomed  in  the 
cloud-cnpped  mountain  (Gray)  which,  hiding  itself  as  it  were  imme- 
diately on  its  escape  from  the  parent's  confines,  traverses  the  bowels 
and  cavities  of  the  earth  till  it  finds  a  snug  and  serene  retreat  amid 
the  almost  inaccessible  crags  at  the  foot  of  Cove."  (Hurtley). 

(No.  3)  Comb  Scar  (1220  ft.)  entrance  to  the  north  end.     View 
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looking  sonih.    Scar  limestone  stratified  in  thick,  nearly  horizontal, 
beds,  showing  typical  weathering. 

(No.  4)  Comb  Scab  (1200  ft.)  looking  north,  from  a  point  about 
two  hundred  yards  below  No.  3.  The  floor  of  the  dry  river  course  is 
nearly  covered  by  the  talus  frosted  off  the  vertical  joints  of  the  lime- 
stone. 

(No.  5)  Dby  Watebfall  between  Dean  Moor  Hill  on  the  left 
and  Comb  Hill  to  the  right,  looking  north.  Through  much  of  its 
course  the  surface  channel  of  the  Aire  broadens  out,  but  here,  where 
the  primitive  river  bed  makes  a  sharp  bend,  it  is  contracted  between 
precipitous  vertical  cliffs.  Over  this  precipice,  old  writers  have  des- 
cribed a  magnificent  waterfall,  as  to  be  seen  after  heavy  rains.  "  In 
a  flood  the  Tarn  water  not  unfrequently  rushes  over  here  and  forms  a 
second  Gordale,  but  is  commonly  prevented  from  reaching  the  Cove 
by  sinking  at  the  foot  of  this  pass  through  the  shattered  and  fissured 
stratum,  with  singular  noise  and  rapidity."  (Howson).  Tliis  writer 
also  narrates  a  touching  incident  occurring  here  eighty-five  years 
ago  : — A  boy,  bird-nesting,  lost  his  hold  and  falling  was  killed.  His 
younger  brother,  happily  ignorant  of  death,  went  down  and  shook 
him,  but,  said  the  little  one,  **  he  was  asleep." 

(No.  6)  The  Watlowes.  View  taken  on  floor  of  dry  valley,  at 
the  foot  of  Comb  Scar,  looking  north.  The  precipice  seen  in  the 
pre^^ous  view,  is  here  concealed  by  a  bend  of  the  dry  river  course  to 
the  east,  round  the  base  of  Dean  Moor  Hill,  the  central  eminence  in 
this  view.     The  Scars  on  the  right  show  magnificent  weathering. 

(No.  7)  Fissural  Limestone  Pavement  in  left  corner.  Surface 
weathering  into  curious  rugose  hollows  and  fantastic  shapes,  with 
projecting  knobs,  ridges  or  pinnacles  (often  used  for  rustic  work). 
This  is  the  characteristic  surface  weathering  of  limestone  developed  in 
high  bare  tracts  of  exposed  country.  Another  fine  example  (**  The 
Woolpacks  ")  may  be  seen  behind  the  Cove.  This  view  is  taken 
from  the  top  of  Comb  Scar,  looking  south,  down  into  the  dry  valley 
below  the  Watlowes,  as  far  as  the  summit  of  the  Cove  (near  mid- 
skyline). 

(No.  8)  Malham  Cove  (1000  ft.)    The  dry  valley  ends  about 
the  middle  of  the  skyline.     From  this  depressi<m  the  **  magnificent 
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cascade,"  described  by  Hurtley,  descended  to  the  foot  of  the  Cove,  a 
difitauce  of  two  hundred  and  fifty  feet.  The  ■emicircle  of  limestooe 
eliffn,  some  seventy  yards  ncross,  may  be  traversed  along  a  ledge  or 
natural  terrace,  about  eighteen  yarda  up  the  face  of  the  Cove.  "  The 
tints  and  colouring  of  the  Cove  as  it  appears  at  present,  are  naturally 
the  softest  and  most  elegant  that  can  be  conceived.  The  Rock  is 
silver-grey,  delicately  although  irregularly  striped  with  lines  of  dark 
hue.  occasioned  by  the  ntreams  of  water  falling  &om  the  Sa^ra  Sedilia 
or  shelves  in  various  places  and  directions  ;  and  the  entire  Mass  is 
embroidered  and  interspersed  with  shrubs  and  evergreens,  forming 
toj^ethor  by  a  variety  of  shades  and  features,  an  Alcove  and  Laudscnpe 
the  most  splendid  and  picturesque."  (Hurtley), 

(No.  9)  Water  Cavern  at  the  foot  of  Malham  Cove,  whence 
emerges  a  portion  of  the  water  disappearing  at  the  sinks.  In  the 
foreground  is  Mnlliam  Beck  which,  lower  down,  is  joined  by  Gordale 
Beck  and  (after  receiving  the  water  from  Airehead  Springs)  the 
Otterburn  to  form  the  River  Aire. 

(No.  10)  Map  of  Drv  Vallev.     Reduced  from  Onlnnnce  Sheet 
No,  133,  showing  :  — 
(rt)  The  station  and  direction  of  each  photograph. 
(A)  The  geological  evidences  of  tlie  Craven  Fauh. 

Botanists  may  bo  interested  to  learn  that  the  following  are 
among  the  rarer  plants  observed  hereabout  i^TrulHiu  eitro/„eriJ. 
ArUc'i  'i/'I'-iil'i.  Dnili't  niiiralii,  T/ilanpi  u/{'e>ilr'\  IIuMiiiuia  jie/refi, 
Ihliiiiifhemim  oniinii,  Ger-inium  fiwjuuwim,  PoienHna  nlf<ei=trii. 
Pyriii  iiri-i,  Blynnm  compn-xiiuii,  Sederia  nfrulea,  Pnlr/p/iih'nt)i  ml. 
e'lri-iim,  A«peiiium  viri'li-.  Eqiihetum  hijemnlc.  Verrwarit  Mitlhnmeii'it, 
and  Leciiten  rihi'lula. 
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NOTES  ON  A  ROMAN  COIN  FOUND  IN  QRASS  WOOD,  QRASSINGTON,  BT  THE 
UPPER  WHARFEDALB  EXPLORATION  COMlilTTEB. 

Extract  from  Vol,  IL  pags  831.     Records  of  Roman  History  on 

Roman  Coins,  by  Francis  Hobler. 

"  CoNSTANTiNOPOLis, — 3rd  Brass  of  Constantinus  Magnus. 
Obv.  A  female  head  with  laureate  and  crested  helmet  to  the  left, 
bust  in  armour;  over  the  shoulder  the  staff  of  a  spear  is  projecting. 
Rev.  No  legend.  In  the  exergum  T.RP.  A  victory  standing  on 
the  prow  of  a  galley,  to  the  left,  with  a  spear  in  the  right  hand;  her 
left  hand  rests  on  a  shield." 


ADDITIONAL  REMARKS  BT  WILLIAM  FENNELL. 

The  female  head  represents  Rome.  The  condition  is  unusually 
perfect,  and  the  refinement  of  the  features  very  striking.  The 
presence  of  the  laurel  crown  encircling  the  helmet  is  so  uncommon, 
that  while  observing  many  hundred  coins  of  the  Coustantiue  period, 
I  have  not  come  across  one. 

Constantixie  the  Great  was  born  a.d.  274,  died  337. 

T.  U.  P.  means,  coined  at  Treves.  Treveris  percussum.  Treveris 
being  the  Roman  name  of  Treves. 

This  coin  was  probably  minted  after  the  seat  of  government  was 
removed  from  Rome  to  Byzantium  (330  a.d.),  and  the  idea  of  repre- 
senting Rome  by  a  female  head  was  continued,  by  representing 
Constantinople  in  the  same  way. 

NOTE  BY  ERNEST  E.   SPEIGHT,   B.A. 

This  coin  was  found  in  August,  1895,  by  Mr.  William  Hill  and 
James  Birch,  at  the  root  of  a  shrub  taken  from  the  centre  of  an 
enclosure  near  the  Park  Stile,  Grass  Wood.  The  exact  spot  was  the 
highest  enclosure  on  the  N.  side  of  the  pathway  which  leads  from 
the  Park  Stile  entrance  to  Gregory,  just  above  the  place  where  several 
millstones  were  found.  Near  the  coin  was  found  the  antler-hafted 
knife  which  is  also  among  the  *  finds.' 


ifona  ON  THE  wurrB  chalk  of  vORKfiiiRE. 

BT  0.  W.  LAMPLUGH,  7.0.8.,  OF  H.H.  GBOLOOICAL  BUKVEY. 
CONZBHTB : 

iDtcodnction     ...  ...  ...  ...        p.  65. 

Fkrtl.  The  Thicknesi  of  the  Chklk  ..        p.  fMt. 

l^rt  II  The  Small  Faulta  of  the  Chalk'  ...        p.  77. 

Ihtkodcctiom. 

At  the  outset  I  may  tA  once  state  that  vJth  regard  to  these 
notes,  while  I  hope  hereby  to  reuder  available  some  fresh  infonnation 
reepectiiig  the  White  Chalk  of  Yorkshire,  there  will  be  no  attempt  on 
my  part  to  deal  adequately  with  the  whole  subject.  My  chief  aim 
will  be  to  supply  details  which  may  forward  and  lighten  the  labours 
of  its  future  investigators.  My  knowledge  of  the  deposit  is  the 
result  of  the  somewhat  desultory  observation!^  made  during  tlie  leisure 
hours  of  the  twenty  busy  years  which  1  speut  in  the  vicinity  of 
Flamborongh  Head. 

I  commenced  to  collect  fossils  from  this  grand  range  of  clilfs 
while  still  a  school  boy.  and  am  glad  even  yet  to  eujoy  occasionally 
thokeenrelishof  the  collector  on  the  discovery  of  a  "  good  specimen  " 
in  these  rocks.  As  time  went  ou  1  began  to  rculi'te  that  in  spite  of 
the  past  labours  of  Phillips,  Barrois,  Blake,  and  Mortimer,  there 
remaiued  t^e  necessity  for  a  vast  amount  of  patient  and  somewhat 
tedious  investigation  before  our  knowledge  of  the  Yorkshire  Chalk 
could  be  placed  on  a  really  satisfactory  basis  ;  and  this  led  me  to 
make  measurements  and  records  of  some  of  tiie  sections.  Probably 
if  I  had  remained  much  longer  in  the  locality,  and  no  other  worker 
had  come  forward,  1  should  eveutually  have  taken  the  subject 
seriously  in  hand,  and  should  have  tried  to  submit  the  Upper  and 
Middle  Chalk  to  the  same  thorough  study  as  Mr.  W.  Hill  has 
accorded,  with  such  excellent  results,  to  the  lower  part  of  the 
formation.* 

■  W.  HiU,  "  On  the  Lower  Beds  ol  ~, 

voL  xliv.,  p.  330. 


66  LAHPinOH  :   MOTES  OM  THE  WB1T£  CHALE  OF  TORKSHIBE. 

As  matters  now  stand,  however,  my  attention  has  been  directed 
to  "  fresh  groves  and  pastures  new,"  and  I  see  no  proRpect  of  pui- 
suing  this  investigation  further.  Therefore  it  seems  advisable  that  1 
shonld  in  some  rough  form  pnt  forward  my  scattered  observations  for 
the  use  of  workers  more  favourably  placed  for  completing  the  study. 

Id  the  present  instalment  I  propose,  as  far  as  I  am  able,  to 
discuss  tiie  thickness  of  the  Chalk,  an  aq>ect  of  the  subject  which 
may  at  any  time  have  an  important  practical  bearing.  In  future 
communications  I  hope,  on  similar  lines,  to  treat  of  the  paleeontology 
of  the  deposit ;  of  the  conditions  of  accumulation  as  indicated  by 
tJie  state  of  the  fossils  ;  and  of  some  of  the  effects  of  consolidation 
and  of  later  earth-movements. 

I.    Thb  Teickhess  of  thb  OaALK. 

It  may  truly  be  said  that  at  present  the  Upper  and  Middle  Chalk 
of  Yorkshire  is  geologically  little  better  than  a  desert  province,  whose 
boundaries  have  indeed  been  accurately  dehoed,  but  whose  interior 
is  trackless  and  nnexplored.  Its  monotonous  sameness  ;  the  paucity, 
except  in  n  few  localities,  of  its  organic  remains  and  the  frequently 
unsatisfactory  state  of  their  preservation  ;  together  with  the  isolated 
and  limited  character  of  its  sections  everywhere  save  on  the  ^a  coast, 
render  exceptionally  difficult  the  task  of  fixing  and  tracing  horizons 
within  it  For  the.ie  reasons,  liince  the  eETect  of  tho  faults  and  dis- 
turbances which  undoubtedly  traverse  the  formation  cannot  be 
accurately  determined,  it  is  probable  that  iu  the  interior  of  the  East 
iiiding  the  thickne.^  of  the  Chalk  will  never  be  more  than  approxi- 
mately ascertainable,  unless,  of  course,  by  deep  boring. 

Therefore  it  is  to  the  coast  section  that  we  must  turn  in  search 
of  more  precise  information.  Even  here,  however,  there  are  serious 
difficulties,  by  reason  of  the  almost  inaccessible  position  of  some  of 
the  sections,  and  the  interrupted  character  of  others.  Hence  there 
have  been  remarkably  few  really  serious  attempts  to  measure  these 
sections.  Young  and  Bird*  were  content,  with  regard  te  the  thick- 
ness of  the  Chalk,  to  state  that  it  "cannot  be  less  iu  some  places 
than  GOO  feet ;"  Phillipat  wasequally  indefinite,  placing  it  at  "not  less 
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than  600  fwt ;"  iriiile  tfae  calonlBlioDi  of  Banoia,*  who  Mtimated  a 
depth  of  643  feet,  wen  sdmittodl;  bued  on  data  acquired  dnring  a 
single  ttBTane  of  the  ground.  Blake,t  who  followed,  seems  to  have 
made  some  carefnl  meaanrementB  in  the  cliffa  on  the  south  side  ot 
nanborongh  Head,  but  did  not  carry  these  far  enough  even  to  reach 
the  base  of  the  Flintless  Chalk,  and  for  the  lower  divisions  used  figores 
obtuned  chiefly  by  calculatJons  of  dips  and  position.  By  these 
methods  he  attains  a  total  of  790  feet,  which  though  in  excess  ofanj 
of  hifl  predecessors'  results  is  still,  as  I  shall  be  able  to  show,  ferj 
eoosidembly  below  the  actual  thickness  of  the  rocks. 

More  recently  Hr.  W.  Hill,t  in  tiie  very  carefiil  study  of  the 
Lower  Chalk  already  allnded  to,  has  published  a  detailed  mesaure- 
ment  of  the  beds  below  tiie  Flinty  Chalk,  as  seen  in  the  cliff  near 
Speeton,  giving  for  these  beds  (including  the  Red  Chalk)  a  tbickneea 
of  153  feet,  as  against  the  72  feet  allotted  to  them  by  fiarrois,  or  the 
100  feet  by  Blake.  My  own  meosnrement  of  this  exposure  has  served 
bat  to  confirm  the  accuracy  of  Ur.  Hill's  figures. 

In  the  Memoirs  of  the  Geological  Survey  on  the  district  i|  no 
original  information  is  given  as  regards  the  total  thickness  of  the 
Chalk ;  and  so  far  as  I  am  aware,  the  above  quoted  are  the  only 
pablished  atatementa  directly  bearing  on  the  subject,  though  some 
useful  data  may  also  be  gathered  from  the  late  Mr.  R.  Mortimer's 
pl^)er  "  On  the  Flints  of  the  Chalk  of  Yorkshire, "fj  and  that  of  Mr. 
J.  R.  Mortimer,  on  "  The  Chalk  Water  Supply  of  Yorkshire.  "T 

The  additional  information  which  I  now  propose  to  bring  forward 
has  been  almost  entirely  derived  from  the  detailed  measurement  of 
tiie  strata  as  they  rise  into  the  cliff  on  the  southern  side  of  Ftam- 
borongh  Head,  supplemented  by  aa  close  an  examination  as  circum- 
stances would  permit  of  the  less  accessible  sections  on  the  northern 

*  BarroUC.  ReohercbM  aurleTemun  Crdtac^  Supdrienr,  toL  L,  p.  901. 
U<moirMd«  la  EloctdbiEeologiqiiB  dn  Nord,  1ST8. 

t  Blake  J.  F.     Proc.  Geologiita  Assoc.,  vol.  v.,  p.  212. 
t  Hill  W.     On  the  Lower  Beda  of  the  Upper  Cretaceous  Series  in  Lin- 
colnahire and  YoPkshiro.     Q.  J.  G.  S..  vol.  xhv.,  p.  3S0  (1S8S). 

I  H«tDoin  o(  the  Oeological  Survey.     "  Oolitic  &nd  Cretaceoiu  Rookt 
•cmtb  of  SoarboTaagh"  (latO);    "  Bridlington  Bay  "  (ISSS) ;   "The  conotr* 
—  YopkandHnll"  (1S86) ;  •'Driffierd"  (1886). 


i  Proc  Geolo^to  Amo.,  voL  t.  p.  344. 
H  fne.  Inetit.  Civil  Eagiaeew,  vol.  Iv.,  p.  i 
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side  of  tlie  promoutory,  and  by  a  coiisideration  of  the  evidence 
Hfforded  by  the  inland  sectioas  in  the  vicinity  of  Bridlington. 

The  full  account  of  these  measurementa  is,  for  convenience  of 
reference,  given  below  (see  Appendix,  p.  80).  This  record  gives 
the  details  of  an  unbroken  sequence  of  strata  from  the  base  of 
tlie  cliff  below  Sewerby  Park,  where  the  mensuration  of  each 
individual  layer  first  becomes  practicable,  eastward  for  1,400  yards, 
to  the  vicinity  of  the  Danes  Bike  ravine.  In  this  distance  a 
thickness  of  20S  feet  of  Plintless  Chalk  is  traversed.  There 
is,  however,  for  about  400  yards  to  the  westward  of  the  measured 
section,  a  cliff  of  Chalk  composed  of  higher  beds  ;  but  these  are  so 
much  disturbed  by  glacial  action  and  so  greatly  obscured  by  slips 
that  it  has  not  been  found  possible  to  measure  them  in  detail  I 
tliink  that  we  should  allow,  at  least,  an  additional  35  feet  for  these, 
thus  bringing  up  the  total  thickness  seen  in  the  cliff  to  the  westward 
of  Danes  Dike  to  240  feet.  This  somewhat  exceeds  the  result 
obtained  by  Blake,  who  places  the  depth  to  this  point" at  192  feet. 

But  it  is  almost  certain,  on  botli  stratigrapliical  and  palseonto- 
logical  considerations,  that  the  Chalk  of  the  rising  ground  south-wast 
of  Bridlington  comprises  a  considerable  thickness  of  higher  beds  than 
the  uppermost  layers  represented  in  the  cliflf-sections  ;  and  though 
the  depth  of  these  higher  strata  has  not  yet  been  accurately  deter- 
mined, I  believe  that  they  cannot  fall  below  100  feet,  and  not  impro- 
bably are  much  thicker. 

The  valley  at  Danes  Dike  caiises  a  gap  in  thecliff-sectiou  which 
is  somewhat  difficult  to  span.  There  is  much  disturbance  of  tlie 
bedding,  both  in  the  low-water  scars  and  in  tlie  cliff  on  the  western 
side  of  the  ravine  ;  and  though  this  has  undoubtedly  been  accentu- 
ated by  superficial  crushing  in  glacial  times,  it  seems  to  be  essentially 
a  structure  of  more  ancient  date.  It  probably  denotes  the  presence 
of  a  fault  in  this  locality,  of  more  considerable  value  than  the 
numerous  minor  breaks  presently  to  be  discussed  which  almost 
everywh'.'re  in  these  sections  intersect  the  Chalk.  That  there  is  not, 
at  any  rate,  a  dovmthrow  to  the  eastward  sufficient  to  cause  a 
repetition  of  the  strata,  is  established  by  the  presence  of  the  well- 
marked  baud  containing  abundant  remains  of  Marsupitts  omatuf 
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(AlfModiz,  p.  82)  on  the  western  side,  and  its  abseDce  from  Hbt  eutern 
ndeof  thegap;  irhile  that  there  is  much  reitical  displacement  Iq  the 
oi^iOttte  direction  is  alao  rendered  improbable  by  the  discorery  by 
Hr.  J.  W.  Stather  of  a  single  specimen  of  tliat  fossil  in  the  chalk 
immediately  to  the  east  of  the  valley. 

I  Uiiuk,  therefore,  we  may  safely  conclude  that  the  value  of  any 
&nlt  eziating  at  this  point  cannot  be  great,  and  that  its  only  possible 
effect  can  be  slightly  to  increase  the  apparent  thickness  of  the  strata. 

Westward  from  Danes  Dike  the  prevalent  gentle  south-easterly 
dip  becomes  rather  more  pronounced,  and  there  is  consequently  a 
more  rapid  rise  of  the  layers  into  Uie  cliff,  so  that  in  the  distance  of 
one  mile  which  intervenes  before  the  South  Sea  Landing  is  reached, 
tite  detailed  measurements  record  a  further  thickness  of  311  feet  of 
Plintless  Chalk.  Blake  mentions  that  beyond  Danes  Dike  he  measured 
180  feet  "  as  far  as  it  was  aa,fe  to  go,"  and  apparently  stopped  about 
midway  between  the  above-mentioned  places.  Thero  is,  however, 
neither  dangernor  difficulty,  excepting  from  the  roughness  of  the 
way,  in  going  along  the  beach  at  low-water,  or  even  at  half-tide,  not 
only  from  Sewerby  to  South  Sea  Landing,  but  also  for  nearly  two 
miles  &rtiier,  to  the  extremity  of  the  headland,  where  on  the  south 
side  of  High  Stacks  a  rather  steep  but  perfectly  easy  path  leads  up 
into  the  fields  above. 

At  South  Sea  the  line  of  section  is  again  interrupted  by  a  deep 
hollow  which  has  been  excavated  in  the  Chalk  down  to  sea-Ievel  in 
pre-glacial  or  glacial  times  and  afterwards  filled  in  with  drift.  'I'he 
low-water  scars  are,  however,  very  nearly  continuous  across  the 
little  bay,  and  so  far  as  can  be  seen  there  is  no  sign  of  any  change  in 
the  r^^larity  of  the  strata  in  traversing  it. 

Farther  east  there  is  an  unbroken  cliff-section  extending  for 
nearly  two  miles,  quite  to  the  extremity  of  the  headland,  in  which 
Ha  Chalk  throughout  is  flintless.  In  this  area  there  is,  however, 
ft  slight  change  in  the  direction  of  the  dip,  which  here  inclines 
towards  the  south,  and  occasionally  even  a  little  to  the  westward  of 
•oath,  and  at  an  angle  rarely  reaching  so  much  as  4  degrees  ;  and  as 
the  effect  of  this  is  to  bring  the  line  of  strike  very  nearly  into  coin- 
(idenee  wi^  the  cliff-line,  the  strata  retain  their  position  in  tlie 
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section  for  long  stretches  almost  without  alteration  of  level.  Hence 
my  measurements  yield  a  further  thickness  of  105  feet  only  for  the 
beds  between  South  Sea  and  the  base  of  the  cliff  on  the  southern 
side  of  High  Stacks,  where  the  first  line  of  scattered  nodules  of 
grey  flint  is  seen.    (Appendix,  p.  84.) 

In  hammering  along  the  section  it  has  always  seemed  to  me  that 
there  is  a  very  pronounced  increase  in  the  hardness  of  the  chalk  as 
the  extremity  of  the  headland  is  approached,  and  that  besides  the 
emergence  of  the  more  compact  layers  towards  the  base  of  the  Flint- 
less  Chalk  there  is  an  actual  induration  of  the  rock  as  a  whole  in  this 
direction.  This  is  a  point  worthy  ot  closer  investigation,  and  if 
studied  in  connection  with  the  numerous  indications  of  compression 
and  intimate  rearrangement  which  the  rock  presents,  might  yield 
results  of  interest.  The  molecular  movements  necessary  to  the 
formation  of  the  masses  of  flint  in  the  underlying  strata  may  be 
partly  responsible  for  this  induration,  but  a  more  probable  cause  is 
the  proximity  of  the  zone  of  contortion  and  faulting  which  is 
revealed  in  the  cliff  in  Selwicks  Bay,  300  yards  northward  of  High 
Stacks. 

It  is  to  be  noted  that  up  to  tins  point  there  is  a  complete 
absence  of  flint  nodules  in  the  Chalk  :  and  the  qualified  descriptions 
which  have  been  applied  to  this  portion  of  it,  as  containing  "  little 
or  no  flint,"  "almost  destitute  of  flint,"  etc.,  are  therefore  rather 
misleading.  If  any  silica  be  present  it  is  invisibly  disseminated 
througliont  the  mass  of  the  rock,"  or  is  incorporated  in  the  fossil 
sponges,  and  is  nowhere  segregated  into  "flints." 

From  the  above  figures  it  appears  necessary  that  we  should 
assign  to  the  Flintless  Chalk  of  the  vicinity  of  Flaraborough  Head  a 
total  thickness  of  not  less  than  say,  650  feet.  This  doubles  the 
highest  previous  calculation,  namely  that  of  Professor  Blake,  who 
estimated  its  depth  at  320  feet.  And  as  it  is  more  than  probable 
that  beds  higher  than  any  of  those  of  the  Flamborough  and  Bridling- 
ton area  exist  beneath  the  mantle  of  drift  which  covers  Hoiderness, 


*  See  "  On  the  Flints  of  the  Chalk  of  Yorkshire,"  by  R.  Mortimer.     Proc. 

Geol.  Assoc.,  vol.  v.  p.  349. 
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we  CMi  readily  nuderstand  the  statement  that  at  Hornsea  the  well- 
sinkers  have  passed  through  800  feet  of  Flintless  Upper  Chalk.* 

With  regard  to  the  uuderlying  Chalk- with -flints,  which  now 
demauds  i^nsideration,  my  data  are  less  adequate.  From  High 
Stacks  I  managed  with  some  difhculty  to  measure  the  beds  north- 
ward aa  they  rise  into  the  clifT  as  far  as  Common  Hole,  on  the 
southern  side  of  the  Bay  of  Selwicks,  up  to  which  point  I  found  the 
thickness  of  the  Flinty  Chalk  to  be  76  feet  (See  Appendix,  p.  85). 
But  beyond  this  violent  contortions  occur,  and  then  a  fault,  already 
described  to  this  Society.f  The  fault  has  a  downthrow  to  the  north 
which  I  estimated  (but  probably  rather  overestimated)  at  80  feet, 
and  its  effect  is  to  bring  down  the  Flintless  Chalk  to  the  base  of  the 
cliff  on  the  northern  side  of  Selwicks,  and  therefore  to  repeat,  in  the 
sections  beyond,  the  strata  included  in  the  measurement  just  given  ; 
■o  that  it  is  only  in  the  cliffs  north-west  of  Stottle  Bank  Nook,  quite 
inaccessible,  except  by  boat  under  favouring  conditions  of  tide  and 
weather,  that  any  lower  beds  appear. 

It  has  long  been  my  intention  to  continue  the  investigation 
from  this  point  by  the  aid  of  a  boat,  but  I  have  never  ^et  found  a 
favourable  opportunity.  Consequently  my  knowledge  is  oidy  such  as 
1,  Goology  of  HolderneBs,  p.  6.,  and  p.  141  :  See 


I  tho  r 

toit.  , _ 

the  abBence  of  Flint,  Beem  to  nhow  tliat  the  boring  did  not  reach  tho  Middle 
and  Lower  Chalk.  Yet  M  r,  W,  H.  Crofts  liaa  fiivoured  me  with  the  following 
note  which  he  recently  obtained  from  the  well-sinker: 

"A  borehole  done  in   1862  and   lli63,   at  Hornsea,   in   a  brickynrU,   for 
Mr.  Wade. 

Boulder  Clay,  sand  and  gra>'el  ...         depth     120  feet 

Thickness  of  Chalk  rock  below  ...  ...       858    „ 

Total  depth  ...        878    ,, 

Below  this  depth  was  soft  black  warp  or  t-lay." 

The  "  black  warp  or  clay  "  seems  to  have  been  regarded  by  the  well- 
borers  as  underlying  the  Chalk  ;  but  possibly  it  may  nave  been  merely  a 
thin  marl  band  interstratitied  with  the  Chalk,  as  senms  of  this  character 
occur  at  intervals  throughout  the  Yorkshire  aections. 

t  LamplughG.  \V.     "On  aFaulbin  the  Chalk,etc."    Vorktth.  Geol.  and 
Polyt  Hoc  (1880),  voL  vii.,  p.  2*2, 
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could  be  gained  by  examination  from  the  edge  of  the  cliff,  and  by  a 
descent  in  the  two  or  three  places  where  it  is  possible  to  scramble 
down  with  the  assistance  of  a  light  rope,  supplemented,  of  coarse, 
by  the  closer  study  of  the  accessible  sections  at  the  North  Sea 
Landing  and  the  Thomwicks. 

So  far  as  these  methods  enable  me  to  judge,  there  are  beds  at 
the  base  of  Cradle  Head  lower  than  those  which  I  have  measured, 
and  at  Brail  Head  the  cliff  is  composed  entirely  of  Flinty  Chalk, 
which  is,  therefore,  about  140  feet  thick  at  this  point. 

Professor  Blake  has  given  good  reason  for  basing  sub-divisions 
of  the  Flinty  Chalk  on  the  mode  of  occurrence  of  the  flint,  recog- 
nising, in  downward  succession,  the  following  zones  : — 

No.  2.    Chalk  with  imperfect  flints  ...  ...         120  feet 

No.  3.    Chalk  with  many  tabular  flints   ...  ...  50    „ 

T..     ,   I  Slaty  Chalk  with  thin  flints         ...  ...) 

No.  4.  "^        "^  V       200     „ 

( Creamy  Chalk  with  nodular  flints  . . . ) 


370     „ 


In  the  coast  section,  Zone  No.  3  of  this  scheme  probably  forms 
the  lower  half  of  Brail  Head,  and  rises  to  the  top  of  the  cliff  about 
100  yards  to  the  westward  of  the  picturesque  King  and  Queen  Rocks, 
where  there  are  thick  tabular  masses  of  flint  in  the  Chalk.  I  think 
that  somewhat  less  than  120  feet  should,  however,  be  allowed  in  this 
locality  for  the  tliickness  of  the  overlying  "  Chalk- with-im perfect- 
flints  ;"  and  that  for  this  division  100  feet  will  probably  be  an  extreme 
estimate. 

In  the  vicinity  of  the  North  Sea  Landing  and  Thomwick  the 
westerly  trend  of  the  cliff-line  coincides  nearly  with  the  direction  of 
strike,  so  that  unless  there  are  concealed  faults  in  the  little  bays  to 
affect  the  level,  there  is  probably  not  much  change  of  horizon  between 
these  points,  the  lowest  beds  being  reached  at  low- water  mark  under 
the  outstanding  ridges  of  this  rugged  coast.  These  cliffs  do  not 
exceed  125  feet  in  height,  inclusive  of  the  capping  of  drift  which  is 
often  thick.  But  westward  from  Sarnwick  the  ground  rises  steadily, 
so  that  at  Gull  Nook,  three  quarters  of  a  mile  farther  west,  there  is 


UKPLOOn :  ItOTBS  OH  THfl  WHITB  CHALK  OF  TO&KtlUlBE.  78 

•  predpice  370  feet  in  height,  eonmting  entirely  of  Flinty  Gliitlk, 
with  an  inconsidersble  coTering  of  glacial  deposita.  The  dip  is  still 
MDthmrd,  at  an  angle  of  under  S",  and  as  the  trend  of  the  cliff  in 
Uiia  D^ghbourbood  is  west-north-weat,  a  slow  rise  of  the  utnita  is 
pfeeented,  ^parently  nearly  corresponding  with  the  rise  of  the 
grouiuL  Hence  in  die  section  at  Gall  Nook  it  is  probable  that  the 
beds  which  form  the  headlands  at  Thorawick  are  still  present. 
Boyoud  this  point  the  cliffs  continne  for  one  mile  &rther  of  about 
the  same  height  and  general  tendency,  until  Old  Dor  is  reached, 
where  the  strata  are  plunged  suddenly  in  violent  contortions,  magnifi- 
coitly  displayed  in  a  slightly  overhanging  precipice  290  feet  deep. 
This  fine  section  was  illustrated  by  a  series  of  photographs  issued  by 
the  Society  in  1885,  accompanied  by  a  short  descriptive  article  from 
the  pen  of  our  lamented  Secretary,  the  late  Mr.  J.  W.  Davis. 

The  contortions  continue  for  ubout  200  yanl^  and  then  a>s 
suddenly  cease.  To  eitimateaiid  eliminute  the  effect  uf  this  dis- 
turbance in  meaanring  the  Clialk  is  an  exceedingly  difficult  problem. 
I  have  thrice  reached  the  ^otiroin  below  ;  but  tlicse  visits  were  all 
hnrried,  and  tbey  failed  to  give  me  any  clue,  I  could  not  identify 
any  particular  band  amid  the  maze-like  twiatitigs  ;  and  although 
Uiere  are  several  small  fractures  crossing  the  strata,  I  could  not  aes 
any  clear  indications  of  faulting.  It  is  indeed  highly  probable  that 
tbere  is  a  fault  at  this  place,  but  so  far  as  one  can  judge  the 
displacement  is  not  likely  to  be  large.  If  the  fault  ran  inland  across 
the  strike  and  its  throw  were  couaiderable  in  either  direction,  it 
would,  in  the  interior,  shift  the  boundary  between  the  Flinty  Chalk 
and  the  Chalk-witbont-flints,  and  1  have  traced  this  boundary  at 
iutervalsfromFlamborough  toSpeeton  without  detecting  any  iiuportunt 
h^ak.  There  is  still,  of  course,  the  possibility  of  the  fault  being  in 
the  direction  of  the  strike,  and  so  remaining  wholly  within  the  Flinty 
Chalk  in  this  area  ;  and  I  am  indeed  inuliucil  to  believe  that  a  dis- 
placement of  this  character  does  exist  in  tlie  Bempton  Valley  ;  but, 
even  if  this  be  the  caise,  its  dimensions  cannot  be  large.  Un  the 
whole,  therefore,  I  think  we  may  disregard  this  disturbance  without 
vitiating  oar  results,  i  Buiq>ect  that  its  general  effect  is  to  slightly 
any  down  Uie  base  uf  the  Flinty  Chalk  on  the  north-westwu-  side  of 
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the  coDtortious,  that  horizon  being  probably  only  a  little  depth  below 
sea-level  on  the  opposite  side. 

For  the  next  three-<iuart«r8  of  a  mile  the  vertical  cliff  is  still 
composed  from  top  to  bottom  of  Flinty  Chalk,  and  the  flints  at  the 
summit  u,re  in  thick  tabular  masses,  showing,  if  other  evidence  were 
wanting,  that  at  this  honEon  we  are  conBiderably  below  the  top  of 
the  flint-beariog  strata.  The  base  of  the  cliff  in  several  places  riset: 
from  the  sea  at  all  states  of  the  tide,  and  the  uniformly  resistant 
character  of  the  rock  is  shown  by  the  simple  wall-like  outline  of  the 
precipice.  But  beyond  Kit  Pape's  Spot  (oddly  miscalled  Kit  Pape's 
Pol  on  the  old  6-inch  Ordnance  Map)  a  rocky  foreshore  begins  to 
show  at  low  tide,  and  is  continuous  and  traversable  from  this  place 
to  the  ending  of  the  Chalk  chffs  at  Speeton,  over  two  miles  distant. 

The  appearance  of  this  foreshore  marks  the  pUce  where  the  base 
of  the  Flinty  Chalk  rises  above  low-water  and  the  less  resistant 
Lower  Clialk  is  brought  up  to  receive  the  tiirect  battering  of  the 
waves.  At  this  poi)it  a  fine  spring  of  fresh  water  wells  forth  from  the 
foot  of  the  cliff  a  few  feet  abo/e  low-wiiter  mark,  a  welcome  spot 
for  anyone  who  on  a  hot  day  makes  the  tcilsome  jouruey  over  the 
bouldery  beach  from  Speeton. 

We  have  here  325  feet  of  Chalk-with-lliuts  in  one  section,  and  as 
just  mentioned,  the  summit  of  the  section  is  still  considerably  below 
the  top  uf  the  division.  It  is  therefore  evident  that  Blake's  estimate 
of  370  feet  is  inadequate,  and  of  course  still  more  so  Barrels'  of  260 
feet,  and  that  even  the  400  feet  allowed  by  Phillips  is  not  sufficient. 
though  it  h  not  easy  to  determine  how  much  should  be  added. 

1  think,  however,  we  may  safely  reckon  30  or  40  feet  in  addition 
to  the  height  of  the  cliff  for  the  depth  of  the  Glial  k-with-tabular- 
flints,  and  about  100  feet  more  for  the  Uhalk-with-nodular  (or 
"imperfect")  flint,  of  which  latter  76  feet  was  actually  measured 
in  the  section  east  of  Selwicks. 

This  gives  us  a  total  of  460  for  the  flint-bearing  Chalk  ;  and  a 
consideration  of  the  pits  and  other  sections  in  tlie  interior  tvill  show 
that  this  is  not  likely  to  be  an  overestimate.  lu  walking  inland  at 
right  angles  to  the  cliff,  we  go  nearly  along  the  direction  of  the  dip, 
and  consequently  almost  directly  across  the  bedding  ;  yet  the  breadth 
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of  tiie  oatcrop  of  the  Chiklk'-with'-flintB  is  Derer  less  than  half-a-mila 
in  width,  and  where  there  is  a  pronouDG«d  iuland  elope  of  the  ground, 
as  at  Bempton,  the  outcrop  expands  to  nearly  a  mile. 

With  regard  to  the  remaining  portion  of  the  seriea,  comprising 
the  Lower  Chalk  and  Red  Ch&lk  or  HunstantoD  Limestone  (which 
together  are  equivalent  to  the  Grey  Chalk,  Chalk  Marl,  and  Upper 
Ganlt  c^  the  South  of  England),  we  have  precise  information  in  the 
invalaable  paper  by  Mr.  W.  Hill  already  referred  to.    This  author 
foand  the  thickness  of  the  Lower  Chalk  in  the  cliff  at  Speeton  to 
be  133  feet ;  and  that  of  the  Red  Chalk,  which  fonuB  the  base  of  the 
section,  to  be  30  feet 

According  to  these  data,  then,  the  total  thickness  of  the  Chalk 
in  the  vicinity  of  Plamborough  and  Bridlington  is  approximately 
aboat  1350  feet,  made  up  of  the  following  sub-divisions : — 
Upper  Chalk  without  flints        ...  ...  ...      +650  feet. 

Middle  Chalk  with  Bints  ...  ...  ...        460    „ 

Lower  Chalk  ...  ...  ...  ...         130    „ 

Red  Chalk 30   „ 

Total        ...  ...  ..  ...       1270    .. 

This  total  exceeds  by  more  than  one-half  the  highest  previous 
estimate.  Even  then,  if  the  evidence  of  the  Hornsea  boring  may  be 
trusted,  the  full  thickness  attained  by  the  Upper  Chalk  farther  south 
in  HoldemesB  has  not  been  recognised,  and  if  allowed  for  would 
materially  increase  the  above  figures.  And  if  for  any  purpose  it 
should  hereafter  be  deemed  advisable  to  attempt  to  pierce  the  deposit, 
the  factfl  herein  dealt  with  will  require  to  be  borne  carefully  in  mind. 

So  fiir  as  I  am  aware,  within  the  limits  of  the  British  Islands  it 
is  only  in  the  Isle  of  Wight  that  the  Chalk  formation  has  hod  so 
great  a  thickness  as  this  assigned  to  it 

There,  according  to  the  recent  work  of  Messrs.  Reid  and  Strahan,* 
tba  total  depth  is  over  1750  feet.  Near  Norwich  about  1-JOO  feet 
has  been  proved ;  but  elsewhere  in  the  Eastern  and  MidUnd  Counties, 
the  thickness  of  the  deposit  is  usually  estimated  at  from  500  to  800 
feet 


*  Henu^n  of  the  Geologtckl  Survey.    Isle  of  Wight.    Snd  ed.,  p.  7S> 
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It  is  almost  certain  that  both  in  the  Norfolk  and  the  Isle  of 
Wight  sections,  higher  zones  of  the  Chalk  are  represented  than  are 
known  to  occur  in  Yorkshire.  In  these  areas  the  higher  beds  are 
characterised  by  the  presence  of  Belemnitella  mucronata,  while  in 
the  highest  known  part  of  the  Yorkshire  sections  Belemnitella  quad- 
rata,  which  marks  an  inferior  horizon,  alone  has  as  yet  been  recognized. 
The  higher  zone  may  perhaps  exist  beneath  some  portion  of  drift-covered 
Holderness,  and  the  greater  thickness  which  the  Upper  Chalk  appears 
to  posseas  in  this  area  may  thus  be  accounted  for.  It  is  at  any  rate 
quite  evident  that  in  the  Flamborough  and  Bridlington  district  a 
considerable  but  unknown  quantity  of  rock  has  been  stripped  off  by 
denudation,  and  that  the  original  thickness  of  the  Chalk  formation 
has  been  much  greater  than  it  now  is. 

That  portion  of  the  Chalk  which  is  present  in  the  Flamborough 
sections  quite  probably,  however,  attains  its  maximum  thickness  in 
this  district.  With  the  insufficient  evidence  in  hand  it  is  not  indeed 
possible  to  institute  a  direct  comparison  of  the  thickness  of  any  par- 
ticular portion  in  tliese  sections  with  its  thickuess  in  the  regions  to 
the  westward  and  southward,  except  the  lowermost  part  of  the  series. 
But  the  general  tendency  of  the  whole  of  the  Secondary  rocks  of 
Yorkshire  is  to  reach  their  greatest  development  in  the  eastern  part  of 
the  area,  and  to  become  thinner  towards  the  west  and  south,  and 
this  is  probably  shared  by  the  Upper  Cretaceous  strata.  In  the 
Red  Chalk  this  tendency  is  strikingly  evident,  and,  as  Blake  and 
Hill  have  demonstrated,  it  is  also  very  decided  in  the  Lower  Chalk.  It 
is  however  scarcely  likely,  from  the  uniform  character  of  the  deposit, 
that  tlie  west-erly  decrease  is  maintained  at  the  same  high  proportion 
in  the  Middle  and  Upper  Chalk  as  in  the  lower  divisions.  Yet  it  is 
probably  sufficiently  great  to  reduce  considerably  the  aggregate 
thickness  of  the  Upper  Cretaceous  rocks  in  that  quarter.  It  will  be 
no  easy  matter  to  gather  the  datu  necessary  for  the  elucidation  of 
this  ])oint,  but  I  think  that  much  might  be  done  by  a  careful 
study  of  the  fine  sections  opened  out  within  the  last  few  years  in 
the  construction  of  the  railway  across  the  Wolds  from  Driffield  to 
Market  Weighton,  and  by  the  comparison  of  these  exposures  with 
the  above  describcH  cliff-sections. 
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Pabt  II.  The  Shall  Faitlts  ('  Joiht  Faults  ')  op  the  Chalk. 
A  notable  feattire  of  tlie  Yorkshire  Chalk  is  tlie  multiplicity  of 
the  small  firalts  by  which  it  is  interwct^d.  TKeee  are  probably 
eveiywhere  prevalent,  but  can  only  be  studied  in  sequence  in  the 
coast  section,  and  it  is  also  only  there  that  their  frequency  becomes 
clearly  evident  In  the  detailed  examination  of  the  Chalk  cliffs  my 
attention  was  necessarily  arrested  by  these  fanlta,  as  they  caused 
some  difficulty  in  measuring  the  various  strata.  It  then  occurred  to 
roe  that  although  the  displacement  caused  by  any  single  fault 
rarely  exceeded  a  foot  or  two,  if  their  effect  were  cumulative  their 
aftgr^ate  value  might  be  very  considerable.  To  test  this  [loint  I 
commenced,  while  measuring  the  strata,  to  note  down  every  fault  1 
could  detect  in  a  given  area,  with  the  amount  and  direction  of  its 
throw.  In  this  manner  I  collected  the  details  relatinj!;  to  fifty-nine 
8Uch  faults  occurring  in  consecutive  Rcqueiicc  hctwoen  Dnnen  Dike 
and  South  Sea  Landing,  and  eleven  more,  making  seventy  in  all,  to 
the  eastward  of  the  South  Sca.*^  Tliese  details  iirc  fully  set  forth  at 
a  later  page  (Appendix  B,  p.  8G).  The  observations  liave  been 
combined  in  the  following  diagram,  in  which  tlie  number  of  displace- 
ments and  the  7iet  total  value  of  downthrow,  in  feet  ami  inches,  in 
the  various  directions  are  stated.  Thus,  for  exaTTiple,  a  reference  to 
the  tqipendix  will  show  that  there  are  fourteen  faults  in  nil  with 
downthrows  to  the  north-eastward,  and  that  their  sum  gives  a 
vertical  displacement  of  U  feet  1  inch  :  and  so  on.  (I'l.  x\\.) 

This  method  of  analysis  hiw  proved  that  my  initial  surmise  that 
tjiese  faults  might  be  cumulative  in  one  dircctioii  is  not  I'orrect.  I 
imagined  that  a  dinlncntion  of  low  hade  coining  np  fi-om  more  con- 
sistent strata  into  a  rock  so  full  of  joints  jind  fissures  ns  the  Clinik, 
might  he  split  up  into  numerous  lirunrhcs  and  disper:<ed  over  n.  con- 
uderable  breadth  of  grouml.  But  in  this  i-a-se  the  analy.-<is  would 
have  shown  a  strong  preponderance  nf  dmvntlirow  fowanis  a  definite 
quiLrter ;  wherea.s  it  will  be  seen  from  tlu!  diiiirram  tliat  the  ilisplnce- 
ment?  are  so  evenly  dispersed  that  if  the  dial  be  divi<Ie<l  along  the 

*  Anotlier  let  was  measured  in  the  cliff  bebve^n  Rewerhy  find  Dnnen  Dike, 
bat  the  record  hue  been  raifplocod,  nn<I  I  am  t)ioroforo  iinuolc  to  incDrporato 
ft  in  tbcM  note*. 
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north  and  south  line  the  sum  of  downthrow  on  the  western  half  will 
almost  exactly  balance  the  eastern,  the  figures  being  as  follows  : — 

Western  half. 
Number  of  faults,  37.     Amount  of  displacement,  32  feet  3^  inches. 

Eastern  half. 
Number  of  faults,  33.     Amount  of  displacement,  33  feet  5  inches. 

The  closeness  to  coincidence  of  these  figures  is  perhaps  in  part 
accidental.  Indeed,  an  attempt  which  I  have  recently  made  to  verify 
the  figures  has  shown  that  this  must  in  some  degree  be  the  case, 
since  owing  to  new  slips  in  some  portions  of  the  cliff,  and  the  removal 
of  the  previously  fallen  material  by  the  sea  in  other  plac&««,  a  list 
compiled  now  would  be  slightly  diflferent  fix)m  that  of  four  or  ^ve 
years  ago.  But  that  the  general  effect  of  the  faults  is  to  nullify 
each  other,  and  not  to  accumulate  the  throw  in  one  direction,  has 
received  full  confirmation. 

It  is  noteworthy  that  only  if  divided  in  the  north  and  south 
direction  can  the  halves  of  the  dial  be  made  to  balance,  and  that 
their  inequality  becomes  the  greater  the  farther  this  line  is  departed 
from.  If,  for  instance,  the  division  be  made  from  west  to  east  the 
following  result  is  obtained  : — 

Northern  half. 
Number  of  faults,  23.     Amount  of  displacement,  18  feet  9  inches. 

Southern  half. 
Number  of  faults,  47.     Amount  of  displacement,  46  feet  1 1^  inches. 

When  the  faults  are  recorded  consecutively  as  they  occur  in  the 
eliflf,  it  will  frequently  be  found  that  for  a  sliort  space  the  majority 
present  displacements  approximat<)ly  in  the  same  direction,  thus 
rouglily  grouping  themselves  into  sets  ;  but  as  the  field  of  observation 
is  enlarged  the  counterbalancing  effect  of  the  various  groups  becoiues 
evident.  The  displacements,  therefore,  are  neither  due  to  the  splitting 
up  of  a  single  fault  nor  to  the  letting  down  of  small  wedges  between 
expanding  joint-walls. 

It  would  rec[uire  that  a  more  extended  series  of  these  faults  bo 
studied  before  a  really  safe  basis  for  deduction  as  to  their  structural 
significance  could  be  attained.     But  I  think  that  it  is  probable  they 
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may  represent  the  BiDkiiig  in  of  a  brood  low  arch,  and  that  they 
replace  what  in  more  coherent  and  leso  6Bsured  rocks  wonid  have 
taken  the  form  of  wide  undulatioDM  of  the  beddinj^.  Tliis  subject 
deserves  further  investigation,  and  I  commend  it  to  the  attention 
of  East  Yorkshire  geologists. 
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PkKTlCVLhBJS  OF  STRATA  AT  GANSTBAD,  IN  H0LDEEHB88. 

BY  JOHN  STBAB8. 

(Communicated  November  IStk,  1895. J 

In  boring  for  a  supply  of  water  at  Ganstead,  five  miles  north- 
east of  Hull,  the  following  strata  were  passed  through. 

Ft    Ids. 

ooil 

Boulder  Clay,  containing  many  forams  53 

Sand,  angular  (no  forams)  ... 

Gravel  „ 

Boulder  Clay 

Sandstone  Boulder 

Lower  Boulder  Clay  was  found  contain- 
ing pieces  of  chalk,  forams,  and  small 
stones 

Sandstone  Boulder 

Chalky  Marl 
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0  Some  water 
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Loose  Chalk  to  110  feet ;  upon  pulling  out  the 
auger  the  water  rose  3  feet  into  the  well,  or 
15  feet  from  the  surface. 


FoRAMINlFERA   FOUND  IN    BORING. 

Rotalia  Beccari,  Textularia  variabilis, 

Nonionina,  Globigerina  bulloides 

Polystomella  striata,  (very  scarce), 

Obulina  uni versa,  Polymorphina  lactea. 


DlAQRANHATIC    SuMMARV   OP    SbVEKTY   SmaLL   FaI'LTS  IN   THE    ChALK 

BETWEEN   Danes   Dikk   akd  Old  Falls. 


s  .0  .E .  lafii'  |T  wt  Lvt  J 


The  niimber  of  the  fHuHs  hn\iiig  the  downllirow  in  the  ."aine  direction 
in  herein  fhown,  with  the  lotitl  amount  of  their  nppiejjnie  ilif|ilncetnent  for 
the  vnrious  pnrls  of  the  cominift-.  The  order  nml  (Ictailti  of  tht  fnults  nre 
Ifiven  in  Apjiendin  6. 


HOTBB    ON    THB    SUPERFICIAL    QBOLOQY    OF    THE    VALE    OF    YOBK. 

BT   FEBCr  F.    KENDALL,    F.O.S.,    LECTUBEB  ON   QEOLOOY 

AT  THE  YOBKaUIRE  COLLEGE. 

fluued  in  amnselion  toith  the  General  Meeting  and  Excanian, 
April  Setk  and  £7tk,  1S9S.J 

The  Vale  of  York  is  a  very  broad  and  ancient  valley  excavated 
in  the  soft  sandstones  and  mirh  of  the  Fennian  and  Triassio  series, 
having  a  general  easterly  and  north-easterly  dip. 

On  the  western  side  the  valley  is  bounded  by  the  (gentle  dip- 
slope  of  the  Magnesiaii  Limestone,  while  its  eastern  boundary  is 
sharply  defiiie<l  by  the  bold  escarpments  of  the  Jurassic  and 
Cretaceous  rocks.  The  watershed  ou  the  north-east,  separating 
the  Ouse  drainage  area  from  that  of  (lie  Tees,  is  in  a  most 
anomalous  position,  being  within  two  miles  of  the  main  channel 
of  the  Tees,  where  that  river  hns  emerged  clear  of  the  hill-country. 
This  condition  is  clearly  a  very  modern  one,  and  is  connected,  as 
I  shall  ou  some  future  occnsion  explain,  with  the  irregular  accumula- 
tion of  the  Glacial  or  Drift  depo)>its. 

Throughout  tlie  Vale  of  York  the  "  solid  geology  "  is  extensively 
covered  by  superficial  deposits,  so  much  ho  iiideeil  thnt  its  details 
are  very  largely  a  matter  of  conjecture,  the  Ulacial  deiKi.sits  of  the 
district  liaving  produced  a  surface  configuration  in  all  minor  details 
quite  independent  of  those  of  the  underlying  rocks,  or,  nhere  con- 
forming to  them  at  all,  doing  so  quite  fortuitously. 

In  a  paper  published  in  the  last  volume  of  the  Proceedings  of 
this  Society,  I  have  drawn  attention  to  some  of  the  interesting 
problems  connected  with  the  Glaciation  of  Yorkshire  without 
attempting  to  state  any  very  definite  conclufiions,  and  I  have 
utilised  the  admirable  and  (iccurate  Drift  maps  of  the  (Jcological 
Survey  to  illustrate  some  of  the  more  important  Glacial  features 
of  the  immediate  neighbourhood  of  York. 

I  may  briefly  summarise  the  facts  as  I  understand  them  : 
A  great    glacier    poured  over  the  Cross   Fell   range  of  hills  ' 
into    Upper  Teesd&le,  carrying  with  it    large   numbers  of   rocks 
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belonging  to  the  western  drainage,  such  as  Oranites  from  Galloway, 
Brockram  and  the  Dufton  "  Granite "  from  the  Vale  of  Eden,  and 
various  igneous  rocks  from  the  Lake  District,  such  as  the  remarkable 
diorite  or  gabbro  of  Carrock  Fell,  the  quartz-porphyry  of  Threlkeld, 
and  most  notably  the  well-known  granite  of  Shap  Fell.  This  glacier 
gathered  other  characteristic  rocks,  such  as  the  Whin  Sill,  in  its 
passage  down  to  the'  low  grounds,  and  at  one  or  more  stages  of  its 
history  it  debouched  into  the  North  Sea. 

While  these  events  were  in  progress  a  great  sheet  of  ice  was 
advancing  upon  our  east  coast  from  Scandinavia,  which  doubled  back 
all  the  native  ice  streams,  turning  some  coast-wise  to  the  northward, 
others  to  the  southward,  while  yet  others,  probably  including  the 
Teesdale  stream,  were  deflected  into  inland  courses.  Either  the 
deflection  of  the  Teesdale  glacier  was  brought  about  in  this  manner, 
or  the  true  explanation  of  the  fact  is  that  the  Norse  ice  was  already 
obstructing  the  mouth  of  the  Tees  when  the  native  stream  reached 
sea  level.  In  either  case  the  Teesdale  glacier  was  driven  over  the 
watershed  into  tlie  drainage  valley  of  the  Ouse  and  received  a  series 
of  tributary  glaciers  flowiug  along  the  great  dales  down  to  and 
including  Swaledale. 

How  far  the  stream  ultimately  extended  has  not  been  definitely 
ascertained,  but  it  certainly  reached  several  miles  beyond  the  city  of 
York. 

The  excursions  on  the  26th  and  27th  April  will  be  made  to  view 
two  magnificent  terminal  moraines,  the  finest  in  the  British  Isles, 
which  mark  phases  in  the  retreat,  or  possibly  of  the  advance,  of  this 
glacier.  They  extend  as  perfect  and  nearly  parallel  crescentric 
mounds  nearly  from  the  foot  of  the  Wolds  round  to  the  outcrop 
of  the  Magnesian  Limestone. 

York  stands  a  little  to  the  western  side  of  the  centre  of  the 
more  northerly  moraine,  and  on  the  first  day's  excursion  the  westerly 
limb  will  be  visited.  Sections  are  visible  on  the  mount  at  York  and 
in  the  neighbourhood  of  Bilbrough.  They  show,  besides  the  more 
characteristic  dirty,  clayey,  moraine-stuff,  fairly  clean,  well-washed 
gravel,  yielding  characteristic  erratics.  Beyond  Bilbrough  where  the 
side  of  the  glacier  seems  to  have  received  a  chock  from  a  boss  of 
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Banter  sandstone,  a  broad  swampf  breach  ocean  through  which  the 
atream  flowing  from  Marston  Moor  makes  its  way,  and  beyond  this, 
a  series  of  parallel  ridges,  notably  that  upon  which  the  village  of 
HealaQgh  stands,  may  be  seen,  which  are  identifiable  as  the  lateral 
moraines  of  the  great  glacier. 

The  roturn  to  York  will  be  made  through  the  villages  of  Askham 
Richard  and  Acomb,  so  that  a  fragmentary  and  confused  terminal 
moraine  may  be  seen  which  runs  in  rough  parallelism  to  the  York 
and  Bilbrough  moraine,  and  observations  will  be  made  of  Askham 
Bog,  an  inter-moraiaic  swamp,  which  is  hemmed  in  between  the  two 
ridges. 

llie  second  da/s  excursion  will  he  devoted  to  the  eastern 
portion  of  the  York  moraine,  passing  through  the  villages  of 
Orimston  Smithy  and  Holtby.  At  the  former  place  then  is  so 
exposure  of  gravelly  moraine,  where  an  ancient  interment  containing 
two  human  skeletons  was  discovered  last  Christmas ;  at  the  latter 
place  a  magnificent  railway  section  is  seen  cutting  completely  through 
the  moraine,  which  there  consists  mainly  of  true  boulder-clay,  un- 
sb^tified,  and  containing  large  numbers  of  well-scratched  boulders. 
The  excursion  will  be  extended  across  the  Derwent  at  Stamford 
Bridge  to  the  outer  (more  southerly)  moraine  at  High  Catton,  where 
excellent  sections  may  be  seen  in  a  series  of  gravel  pits. 

Beyond  High  Catton  shieds  of  other  moraines  may  be  traced 
near  the  edge  of  the  Wold  escarpment,  but  they  are  iar  less  perfect 
than  the  two  which  I  have  called  the  York  and  Escrick  moraines 
respectively. 
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RICHARD  CARTER,  C.E.,  J.P.,   F.Q.S. 

Mr.  Carter  was  born  on  April  18th,  1818,  at  Prospect  House, 
Harrogate,  which  stood  on  what  is  now  the  site  of  the  Prospect 
Hotel.  After  being  educated  at  Harrogate,  he  was  articled  to  Mr. 
Bulmer,  Surveyor  and  Civil  Engineer,  York.  Shortly  after  this  time 
he  joined  his  brother  in  travelling  in  the  United  States,  notably  in 
Texas.  Returning  home  in  1841,  he  commenced  practice  iu  Halifax 
as  a  Civil  Engineer,  and  became  engaged  upon  the  surveying  and 
laying  out  of  various  lines  of  railway,  which  have  subsequently  been 
incorporated  in  the  Iiancashire  and  Yorkshire  system.  At  this  perimi, 
for  about  five  years,  his  staff'  included  Mr.  'iV^^dall,  afterwards 
Professor  Tyndall,  the  eminent  Physicist. 

About  the  year  185G  he  removed  to  Barnsley,  where  he  and  his 
brother,  Mr.  Nichohis  Carter,  owned  a  largo  linen  factory.  1'his  town 
proved  the  scene  of  Mr.  Kicliard  Carter's  most  active  public  life,  and 
for  more  than  twenty  years  he  devoted  great  interest  to  its  welfare 
and  prosperity.  He  was  a  member  of  the  Local  Board  of  Health, 
and  after  the  Charter  of  Incorporation  wa5  obtained  he  served  the 
offices  of  Councillor,  Alderman,  and  Mayor  (two  yeiirs).  During  this 
period  his  influence  was  paramount  in  connection  with  public  works 
for  the  purposes  of  water  supply  and  drainage  of  the  Borough.  The 
Messrs.  Carter  were,  at  this  time,  deeply  interested  in  collieries,  and 
Mr.  Richard  Carter  devoted  much  time  to  geological  questions  tuid 
their  technical  applications. 

In  1882  Mr.  R.  Carter  joined  Ins  brothers  and  sisters  in  fixing 
upon  Harrogate  as  their  permanent  residence,  and  the  influence 
exerted  by  the  family  in  developing  extensive  building  schemes  has 
very  largely  contributed  to  the  present  position  of  that  flourishing 
watering  place.  The  small  syndicate  which  controlled  the  improve- 
ments, provided  the  commanding  site  occupied  by  the  new  railway 
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stetioDy  and  laid  out  haDdsome  ayenuea  and  streeta.  The  safe- 
gnaiding  of  the  mineral  springs,  and  the  development  of  facilities 
for  their  ose  for  drinking  and  bathing  were  objects  which  simultane- 
ously received  the  anxious  care  of  the  new  municipality.  Even  at 
the  present  time  the  change  effected  in  Harrogate  in  less  than 
twenty  years  has  amounted  to  reconstruction. 

Mr.  Garter  joined  the  Yorkshire  (then  West  Riding)  Geological 
Society  in  1848.  'i'he  Proceedings  record  that  in  1855  he  read  a 
paper  on  a  new  Boring  Machine  for  Artesian  Wells  and  other  pur- 
poses. In  July,  1857,  he  gave  a  valuable  paper  on  the  subject  of 
Colliery  Ventilation,  and  as  this  occurred  very  shortly  after  the 
explosion  at  the  Lund  Hill  Colliery,  which  destroyed  nearly  200  lives, 
it  excited  much  interest  and  discussion.  Mr.  Carter  showed  how 
the  necessities  for  ventilation  had  grown  with  the  ever-increasing 
depths  at  which  coal  is  wrought,  and  propounded  a  scheme  which 
was  supported  by  other  practical  men.  At  a  Meeting  held  in  1860, 
he  again  brought  the  matter  before  the  Society,  and  claimed  that 
the  principle  of  direct  ascending  ventilation  had  justified  the  repre- 
sentations as  to  its  perfect  and  econoiuical  applications  which  he  had 
previously  made.  In  April,  1884,  the  Society  held  its  Meeting  in 
Hjirrogate,  Mr.  Carter  occupying  the  chair,  and  giving  an  interesting 
description  of  the  geological  and  other  features  of  the  locality.  Very 
hospitable  entertainment  was  offered  to  the  Society  by  the  Messrs. 
Carter  on  this  occasion.  The  Cluirter  of  Incorporation  had  been 
granted  to  the  Borough  in  the  preceding  February,  when  Mr.  Richard 
Carter  acted  as  Returning  Officer,  his  brother,  Mr.  Nicholas  Carter, 
being  elected  as  the  first  Mayor.  In  1885,  Mr.  R.  Carter  was 
appointed  a  Justice  of  the  Peace.  As  chairman  of  several  public 
bodies,  and  a  director  of  many  more,  he  was  a  most  useful  citizen. 
In  freemasonry  he  occupied  a  leading  position.  Mr.  Carter  represented 
the  Yorkshire  Geological  Society  on  the  Board  of  Governors  of  the 
Yorkshire  College,  and  he  was  a  member  of  the  Coal  Mining  Com- 
mittee of  the  latter  Institution. 

Mr.  Carter's  last  illness  was  brief,  and  resulted  from  a  severe 
chill  contracted  when  he  was  inspecting  the  site  of  a  new  reservoir. 
On  September  25th,  1895,  he  passed  away,  in  his  78th  year.    The 
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funeral,  which  took  place  at  Chriflt  Church,  Harrogate,  was  lerj 
largely  attended,  and  many  public  bodies  were  represented.  Mr. 
Carter's  connection  with  the  Yorkshire  Geological  Society  was  of 
earlier  date  than  that  of  any  of  the  other  important  public  bodies 
that  have  been  mentioned,  and  he  had  so  closely  maintained  his 
interest  in  the  Society  and  a  cordial  friendship  with  his  colleagues  in 
its  direction,  that  here  he  will  be  greatly  missed  and  his  loss  will  be 
long  regretted. 

At  the  Annual  Meeting,  held  at  Huddersfield,  Not.  ISth,  1895, 
the  following  Resolutions  were  recorded  on  the  motion  of  the 
Chairman  (Mr.  R  Reynolds),  seconded  by  Mr.  J.  Stubbins : — 

"  That  the  Society  expresses  its  sorrow  at  the  removal  by  death 
"  of  one  of  its  Vice-Presidents,  Mr.  Richard  Carter,  C.K,  F.6.S.  A 
"  Member  of  the  Society  since  1848,  and  of  the  Council  since  1854, 
"*  Mr.  Carter  iias  been  constant  in  his  support  during  this  long 
''period.  His  zeal  for  geology,  combined  with  a  mature  experience 
"  of  the  hiHtory  of  the  Society  for  nearly  half-a-century,  and  the 
'*  geniality  of  his  friendships  gave  to  Mr.  Carter's  influence  an  especial 
**  value,  and  his  loss  is  felt  by  his  colleagues  to  be  very  great." 

"That  a  copy  of  the  foregoing  Resolution  be  sent  to  Mr. 
**  Nicholas  Carter,  J. P.,  with  the  condolence  of  the  Society  towards 
"  Mr.  Richanl  Carter  s  relatives  under  their  bereavement." 

R.    R. 
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WILLIAM    CRAWPORD    WILLIAMSON,     LL.D.,    F.R.S.,    &C. 

BORM  24th  NOV.  1816.     DIED  23r(i  june,  1896. 


The  memoirs  of  the  great  Yorkshire  Naturalist  who  passsd  from 
us  during  the  early  summer  of  last  year  have  appeared  in  several  of 
the  Scientific  Journals,  both  at  home  and  abroad,  and  have  quite 
recently  been  so  ably  and  fully  set  forth  in  **  Tlie  Reminiscences  of  a 
Yorkshire  Naturalist "  that  there  remains  little  to  add  ;  but  the 
Council  of  our  Society,  with  whom  Professor  Williamson  was 
connected  as  a  highly  valued  honorary  member,  deem  it  fitting 
that  the  pages  of  its  Proceedings  should  contain  some  record  of  his 
career,  and  bear  testimony  to  the  value  of  his  numerous  scientific 
labours  which  extended  over  the  long  period  of  sixty  years. 

The  subject  of  our  story  was  a  native  of  Scarborough,  where  he 
was  born  on  the  24th  November,  1816  ;  his  father,  John  Williamson, 
a  gardener,  and  an  ardent  student  of  nature,  came  of  a  sturdy,  self- 
reliant  Yorkshire  stock,  and  has  been  admirably  portrayed  by  his  son 
in  a  charming  memoir  in  our  Society's  Proceedings  for  1894  ;  a 
perusal  of  this  sketch  reveals  the  source  of  that  deep  love  of  nature 
and  fondness  for  scientific  research  which  was  undoubtedly  inherited 
by  the  son  from  his  father. 

In  1824  John  Williamson  made  the  acquaintance  of  the  father 
of  English  Geology,  William  Smith,  well-known  to  his  contemporaries 
as  Strata  Smith,  and  subsequently  that  of  his  nephew  the  late  Pro- 
fessor John  Philips  ;  both  these  men  were  frequent  visitors  to  Scar- 
borough, and  indeed  the  former  for  some  considerable  time  was  a 
resident  in  the  Williamson's  home,  and  so  it  came  about  that  as  boy 
and  youth  the  budding  geologist  expanded  in  an  atmosphere  in  every 
way  congenial  to  the  development  of  his  scientific  powers.  By  con- 
tinuous contact  with  these  and  many  other  men  of  science  who  called 
upon  liis  father  he  was  placed  in  a  favourable  environment.    His  father 
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was  appointed  Curator  to  the  Scarborough  Museum  which  lead  to 
many  and  widespread  explorations  of  the  surrounding  country  in 
search  of  specimens ;  plants,  shells,  insects,  marine  animals,  birds 
abouudcd  in  the  varied  habitats  of  marsh,  moor,  wood  and  sandhills, 
among  the  rocky  pools  of  the  coast  and  in  the  inland  ponds  and 
rivers  from  which  were  drawn  numerous  treasures  to  enrich  the 
beloved  museum.  In  this  way  a  real  practical  knowledge  of  natural 
history  was  acquired,  which  proved  of  great  value  in  later  years  when 
the  student  became  nn  author.  Nor  were  these  explorations  limited 
to  the  living  organisms  ;  perhnps  there  is  no  district  in  Britain  more 
attractive  to  the  geologist  than  the  magnificent  series  of  cliffs  stretch- 
ing from  Flamborough  in  the  south  to  Saltburn  in  the  north,  where 
arc  exi)0Hed  the  rich  fossil  treasures  of  the  Secondary  strata,  ranging 
from  the  Chalk  to  the  Upper  Lias,  to  say  nothing  of  the  beds  of 
bouhler  clay  which  cap  them  nor  of  the  Tertiary  beds  exposed  at 
their  base  near  Bridlington.  How  delightful  these  excursions  were 
Me  learn  in  "  The  Reminiscences,"  ami  the  plentiful  collections  then 
made  were  afterwards  utilised  iu  many  of  his  scientific  i>apers  ;  these 
were  days  of  preparation  during  which  the  seed  was  sown,  later  to 
burst  into  healthy  shoot  and  foliage  and  the  noble  fruit  of  original 
researrh.  All  too  soon  these  happy  days  sped  by  ;  a  short  time  at 
school  in  France  ;  a  brief  but  memorablo  visit  on  his  homeward 
journey  to  his  fathers  geological  friend,  Sir  Roderick  Murchison,  in 
London,  and  then  it  became  necessary  to  face  the  problem  of  earning 
a  more  settled  living  than  science,  however  delightful,  could  provide  ; 
hence,  we  find  him  in  1832  apprenticing  himself  to  Thomas  Weddel, 
Surgeon,  of  Scarborough,  with  whom  he  remained  until  1835. 

Withani  had  just  published  his  researches  on  the  minute 
structure  of  Carboniferous  plants  by  means  of  thin  sections,  whilst 
Lindley  and  Iluttou's  '*  Fossil  Flora  of  Great  Britain  '*  appeared  in 
1837  :  to  the  latter  Williamson  contributed  many  drawings  by  way  of 
illustrations,  and  so  quite  early  in  life  he  began  to  study  that  depart- 
ment of  Fossil  Botany  in  which  he  afterwards  became  so  distin- 
guished. His  first  papers,  however,  written  when  only  eighteen  years 
of  age,  dealt  with  varied  subjects,  on  the  genus  Mytilus,  the  Lias 
Fossils,  and  the  Gristhorpe  Tumulus. 
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Id  1835  the  Curatorship  of  the  Mauchester  Museum  was 
accepted  by  our  Yorkshire  Naturalist,  who  removed  from  the  county 
of  his  birth  to  that  of  his  adoption,  and  in  Manchester  he  laboured 
for  more  than  half  a  century,  first  as  medical  man  then  as  professor 
of  Natural  History  and  Geology,  then  of  Biology,  and  lastly  of 
Botany  at  Owen's  College,  where  his  scientific  fame  increased  until 
he  became  known  as  *  facile  princeps '  in  his  own  special  subject  of 
Goal  Measure  Palsaobotany,  not  only  at  home  but  abroad  in  Europe, 
America,  our  Colonies,  and  wherever  this  science  is  cultivated. 

It  was  in  1842  that  he  began  practice  as  a  medical  man  in  Man- 
chester ;  for  the  following  decade  he  appears  to  have  studied  and 
written  upon  a  great  variety  of  subjects,  such  as  the  Geological 
Strata  of  the  Yorkshire  Coast,  the  Rare  Birds  of  Scarborough,  the 
Limestones  near  Manchester,  Fossil  Fishes,  Foraminifera,  the  Mud  of 
the  Levant,  and  the  Origin  of  Coal ;  about  this  period  he  commenced 
to  use  the  microscope  largely,  and  acquired  that  skill  which  served 
him  so  well  in  his  subsequent  micro  studies  on  the  minute  structures 
of  fossil  plants. 

In  1851  he  was  elected  Professor  of  Natural  History  and  Geology 
at  Owen's  College. 

In  1854  he  was  elected  a  Fellow  of  the  Royal  Society,  and  at 
his  death  was  then  one  of  its  oldest  Fellows.  The  fifties  and  sixties 
were  years  of  active  work  ;  papers  on  scientific  subjects  followed  each 
other  in  rapid  succession,  many  public  lectures  were  given  and 
patient  researches  carried  on.  In  1858  his  beautifiilly  illustrated 
memoir  on  *'  The  Recent  Foraminifera  of  Great  Britain  *'  was  issued 
by  the  Ray  Society,  In  1868  he  published  a  paper  on  "  The  struc- 
ture of  the  woody  zone  of  an  undescribed  form  of  Galamite,"  the 
forerunner  of  a  long  series  on  the  minute  structure  of  the  Coal 
Measure  Plants,  which  found  their  fullest  expression  in  his  magnifi- 
cent monographs  "  On  the  organization  of  the  Fossil  Plants  of  the 
Coal  Measures,"  which  appeared  almost  yearly  in  the  Philosophical 
Transactions  of  the  Royal  Society,  and  indeed  are  a  grand  monument 
of  his  tireless  zeal  and  consumate  ability  in  the  department  of  original 
pakeobotanical  research,  and  which  are  known  and  prized  wherever 
fossil  botany  is  studied. 
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In  1872  Professor  Williamson  was  relieved  from  teaching 
geology  on  the  appointment  of  Professor  Boyd  Dawkius  on  the  staff 
of  Owen's  College,  he  was  thus  enabled  to  devote  himself  more  fully 
to  purely  biological  work. 

We  have  already  said  that  Williamson  by  heredity  and  by 
environment  was  highly  favoured  in  his  scientific  career  ;  he  was 
equally  fortunate  in  gathering  around  him  a  body  of  zealous  and 
enthusiastic  helpers  from  the  practical  field  geologists  of  Lancashire 
and  Yorkshire,  who  placed  most  liberally  in  his  hands  many  hundreds 
of  specimens  collected  by  them  in  the  coalfields  of  the  two  counties. 
Of  these  honourable  mention  must  be  made  of  John  Butter- 
worth,  F.R.M.S.,  of  Shaw,  near  Oldham,  who  was  one  of  the  first  to 
prepare  thin  sections  of  fossil  plants  suitable  for  microscopic  examina- 
tion ;  Messrs.  Nield,  Whitaker,  Isaac  Eamshaw  and  George  Wilde 
all  rendered  efficient  aid,  and  in  later  years  many  valuable  specimens 
were  collected  and  prepared  by  James  Lomax,  who  is  well-known  for 
the  large  sections  made  by  him.  If  these  Lancashire  geologists  vied 
with  each  other  in  searching  for  and  sectiouising  material  for  study 
those  of  Yorkshire  were  not  behindhand;  many  new  and  choice 
specimens  reached  the  professor's  cabinet  by  the  self-denying  and 
devoted  labours  of  James  Spencer  and  James  Binns,  of  Halifax. 

The  present  writer  also  had  many  opportunities  of  adding  his 
mite  to  the  great  work,  and  has  heard  Professor  Williamson  express 
more  than  once  his  sense  of  indebtedness  to  those  whom  he  was 
pleased  in  his  humorous  way  to  call  his  lieutenants,  without  whom 
he  could  scarcely  have  accomplished  so  much  as  he  did.  As  a 
Gilchrist  lecturer  he  came  into  contact  with  many  working  naturalists, 
and  doubtless  some  of  his  helpers  had  their  interest  in  fossil  botany 
first  excited  on  attending  his  lectures  ;  the  Professor's  happy  style 
of  lecturing  won  the  approval  of  the  hard-headed  and  slirewd  artisans 
of  the  northern  towns,  his  mastery  of  the  art  of  delineating  with  chalk 
on  the  black  board,  and  his  homely  and  clear  language  appealed  to  their 
love  of  facts  and  strong  common  sense.  His  influence  was  felt  also 
in  other  directions  as  may  be  gathered  from  the  following  reminis- 
cences for  which  I  am  indebted  to  Dr.  H.  C.  Sorby,  F.R.S.,  &c.,  who 
writes  me,  "  I  first  made  the  acquaintance  of  Professor  Williamson 
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about  forty-five  years  Ago  in  a  railway  carriage,  when  we  were  both 
returning  from  Scarborough.  I  nfterwardfl  went  to  spend  a  day  with 
him  during  a  visit  to  my  cousin,  Mr.  James  Nasmyth,  wheu  he  waa 
practising  as  a.  surgeon  in  Manchester.  He  took  me  to  the  interest- 
ing deposits  of  limestone  at  Ardwick,  and  sliowed  me  the  micro- 
scopical sections  he  had  prepared  of  the  teeth  and  scales  of  foesil 
fishes.  He  was  then  also  preparing  sections  of  fossil  plants.  I  had 
never  previously  seen  such  sections,  and  on  my  return  home  I  pre- 
prepared  some  myself,  and  was  very  soon  led  to  extend  the  method 
to  limestones,  slates,  and  other  rocks.  He  was  thus  largely  instru- 
mental in  leading  mo  to  develop  that  subject,  which  has  since  grown 
to  be  so  extensive.  I  think  the  next  time  we  met  was  long  after, 
when  wfl  were  the  recipients  of  the  Royal  Medals  of  the  Royal 
Society," 

Prior  to  1870  Williamson's  studies  were  many  and  varied  ;  rocks, 
plants,  animals  and  even  antiquities.  All  this  work  was,  however, 
preparatory  to  his  special  resi-archc^  on  the  minute  structure  of 
Fossil  Coal  Plants,  to  which  the  last  twenty-five  yeans  of  his  life  were 
devot«d  with  ever-iucrea.sing  success  and  clearer  insight  into  the 
character  of  the  ancient  Flora,  until  he  became  the  principal  exponent 
of  its  phenomena  to  the  whole  scientific  world. 

The  early  seventies  found  him  engaged  in  an  investigation  of 
the  Cryptogamic  Fruit-spikes  of  the  Coal  period.  In  1876  he  com- 
menced a  series  of  experiments  and  researches  on  the  structure  of 
the  Coals  of  the  world.  He  receive<l  for  examination  numerous 
specimens  from  the  Coal-fields  not  only  of  Great  Britain,  but  of  New 
Zealand,  Australia,  South  Africa,  Japan,  Borneo,  Sweden,  France, 
Germany,  Belgium,  India,  the  United  States,  Nova  Scotia  and  the 
Arctic  Regions ;  unfortunately  these  researches  were  never  com- 
pleted. 

The  Ro]nil  Society  iu  1874  awarded  to  him  its  gold  medal  in 
recognition  of  its  appreciation  of  bis  scientific  discoveries. 

In  1880  the  appointment  of  Professor  Milnes  Marshall  to  the 
new  Chair  of  Zoology  at  Owen's  College  enabled  Williamson  to  con- 
centrate his  powers  on  Botanical  subjects  alone,  to  the  advantage  of 
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his  researches  iu  Fossil  Botany,  as  is  seen  in  the  increased  yalue  of 
his  subsequent  papers  on  tlie  subject 

Edinburgh  University  conferred  upon  him  the  honorary  degree 
of  LL.D.  in  1883,  an  example  followed  by  the  Royal  Academy  of 
Gottingen,  who  elected  him  an  honorary  member  in  1885. 

The  last  decade  of  his  life  was  filled  with  useful  scientific  labour. 
Among  many  papers  written  during  this  period  the  Palseonto- 
graphical  Society's  Monograph  of  the  Morphology  and  Histology  of 
Stigmaria  ficoides,  published  iu  1887,  isperliaps  the  most  important. 

In  1890  the  Geological  Society  of  London  awarded  him  the 
Wollaston  Gold  Medal. 

On  the  resignation  of  his  professorial  chair  at  *'  Owens," 
Professor  Williamson  removed  to  London,  where  he  at  once  made 
arrangements  to  conduct  his  researches  with  the  assistance  of  the 
distinguished  Botanist,  Dr.  Scott,  F.R.S.,  and  together  they  published, 
on  the  lines  of  modern  Botany,  several  memoirs  in  the  Philos. 
Transactions  of  the  Koyal  Society. 

The  time  for  tlie  cesKatiou  of  all  work  drew  on  apace,  and  fertile 
brain  and  facile  hand  began  to  lose  their  cunning,  until  at  last  quietly 
and  peacefully  he  fell  asleep  at  his  own  house  at  Clapham  Common, 
on  the  23rd  June,  1805. 

Ilis  method  of  work  is  expressed  in  **  The  Reminiscences  "  as 
follows  :— "  I  determined  not  to  look  at  the  writings  of  any  other 
observer  until  I  had  studied  every  specimen  in  my  cabinet,  and 
arrived  at  my  own  conclusions  as  to  what  they  taught.  Having  thus 
formed  my  own  independent  judgment,  I  tlien  turned  to  the  works 
of  other  writers  on  the  same  subjects  to  learn  in  detail  what  their 
views  were." 

Professor  Williamson  was  very  fortunate  in  his  family  life  ;  he 
was  first  married  in  1842  to  Miss  Sophia  Wood,  the  daughter  of  the 
Rev.  Robert  Wood,  and  aftr^rwanls  in  1874  to  Miss  Annie  Copley 
Heaton,  the  niece  of  Sir  Henry  Mitchell.  He  made  the  acquaintance 
of  this  lady  when  the  guest  of  her  uncle  during  the  Bradford  British 
i\8sociation  Meeting  in  1873.  Those  who  have  had  the  privilege  of 
visiting  the  home  of  the  Williamsons  at  Fallowfield,  with  its  chann- 
ing  botanical  garden,  know  how  happy  that  union  was,  and  tiiat  the 
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peaoefdl  calm  and  aflfection  of  that  household  were  a  great  help  to 
the  Profeeaor  in  his  arduous  studies.  As  a  man  he  was  genial, 
shrewd,  observant,  versatile,  and  of  an  untiring  energy  ;  one  of  his 
memorialists  compares  (I  think  appropriately),  his  "transparent 
egotism  "  with  that  of  the  author  of  *'  The  Autocrat  of  the  Break- 
fast Table."  He  was  a  good  typical  Yorkshiremau,  and  quite  able  to 
hold  his  own  on  all  occasions. 

He  formed  the  finest  collection  in  the  world  of  microscopic  sec- 
tions of  Goal  Measure  Plants,  which  is  now  in  the  possession  of  the 
British  Museum.  None  are  better  acquainted  with  this  collection 
than  his  friend  Count  Solms-Laubach,  who,  in  his  *'  Einleitung  in 
die  Palseophytologie,"  says  that  he  soon  realised  that  it  was  quite 
impossible  to  produce  such  a  book  without  an  accurate  knowledge  of 
Williamson's  collection  of  sections. 

I  shall  not  attempt  here  any  critical  estimate  of  his  scientific 
work.  Something  iu  that  direction  may  be  found  in  Nature,  vol.  5, 
Sept.,  1895,  firom  the  pen  of  Count  Solms-Laubach. 

That  he  was  the  great  leader  in  Palscophytology  of  his  age  and 
shed  a  flood  of  light  on  its  obscure  problems  is  not  questioned. 

In  the  large  Geological  Room  at  Owens  College,  Manchester, 
may  be  seen  an  immense  Stigmarian  Root  or  Rhizome — surely  a 
magnificent  monument  to  Dr.  Williamson. 

The  late  Mr.  J.  W.  Davis,  F.G.S.,  &c.,  of  Chevinedge,  Halifax, 
has  thus  described  his  visit  with  Dr.  Williamson  to  see  this  famous 
Stigmaria. 

"  On  the  morning  we  had  arranged  to  see  the  Clayton  tree  rain 
poured  iu  torrents,  and  I  tried  in  vain  to  persuade  Dr.  Williamson 
to  postpone  his  journey.  At  Halifax  we  left  the  main  line  for  a  local 
one.  After  travelling  several  miles  up  the  line  we  went  out  into  the 
rain,  and  proceeded  to  tramp  along  unprotected  upland  paths,  or  in 
sodden  grass,  through  a  perfect  hurricane  of  wind  ;  before  half  the 
distance  was  accomplished  our  boots  had  become  pools,  and  our 
clothes  were  saturated  When  we  readied  the  quarry  not  a  living 
soul  was  near,  only  the  grey  sky  above,  grey  Yorkshire  hills  around, 
and  the  storm  raging,  when  the  old  geologist  met  face  to  face  the 
thing  he  had  hoped  so  long  to  see."    As  lie  stood  and  gazed  at  the 
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calm  big  tree  sprmdiiig  its  roots  in  every  diieetion,  the  qiiury 
luftster  appeared,  looking  astoniBbed,  and  said;  "  Not  Professor 
WilliamBon  !"  "  Certainly."  "  And  from  Hancbester  this  morning," 
said  the  shivering  owner.  "  Yes,  and  why  not  ?"  "  Well  sir," 
answered  he,  "  to  my  thinking  yon  and  die  tree  are  a  pair  for  teach- 
ing us  lewons."*' 

*  R«miDiiceiicM  of  k  Yorkuhira  N»tur«li*t,  note  p.  lM-7. 


Mbhoirs  and  Papbrs  bt  the  late 
Dr.  W.  Crawfokd  Williahsoh,  F.R.S.,  &c. 

OS   THE  OKQANISATION   OF  THE   F083IL   PLANTS   OF  THB 
COAL   HBASDBES : 

Pt  i.  Calamites;  Phil.  Trans.   1871,  p.  477,  scq. 

Pt.  ii.  Lycopodiacete,  Lepidodoudrem  and  Sigillariefe  ;  Phil.  Trans. 

1871,  p.  197,  seq. 
Ft.  iii.  LyuopodiacQfD  (coatinued);  Phil.  Traus.  1872,  p.  283,  sei]. 
Pt.  iv.  Dictyoxylon,  Lyginodendroii,  Het«raagiuin  ;    Phil.  Trans. 

1873,  p.  377,  seq. 
PL  V.  Asterophyllites  ;  Phil.  Trans.  1873,  p.  4!,  seq. 
Pt.  vi.  Ferns  ;  Phil.  Trans.  1874,  p.  675,  seq. 
Pt.   vii.    Myelopteria,  Psaronius,  Kaloxylon;    Phil.    Trans.    1876, 

p.  1,  seq- 
Pt.  viii.  Ferns,  Gyinuospermous  Steins  and  Seed^;  Phil.  Trans.  1877, 

p.  213,  seq. 
Pt.  ix.  Phil.  IVans.   1878,  p  .319,  seq.  (deals  with  Astromyelon, 

Calamites,  Asterophyllites,  Lepidodendron  and  Si<^illaria,  Lepi- 

dodendroid  reproductive  organs,  Ferns,  and  Cordaites). 
Pt  -x.  Including  an  examination  of  the  supposed  Radiolarians  of 

the  Carboniferous  Rocks  ;  Phil.  Trans.  1880,  p.  493,  seq.  (deals 

also    with    Ulodendron,    Spores,    Ferns,    Conceptocles,    and 

Calcisphtera). 
Pt.  xi.  Phil.  Trans.  1881,  p.  283,  seq.  (deals  with  Lepidodendron. 

general   conclusions   respecting   the  Carboniferous  Lycopods, 

CaUmostachys  Binneyana  and  C.  Casheana). 
Pt  xii.  Phil.  Trans.  1883,  p.  459,  se-i.  (deals  with  Myriophylloides 

Willianisonis,    Psaronius   Kenaultii,   Zygosporites,   Calamites, 

Lepidodendroid  plants,  Halonia,  Sporocarpon,  and  Dadoxylon). 
Pt.  xiii.  Heterangium  Tiliteoides,  and  Kaloxylon  Hookeri  ;  Phil. 

Trans.  1887,  p.  289,  seq. 
Pt.  xiv.  The  True  Fructification  of  Calamites;  Phil.  Trans.  1887, 

p.  47,  seq. 
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Pt  XT.  Phil.  Trans.  1888,  p.  155,  seq.  (deals  with  Zygopteris, 

Anachoropteris,  and  Rhachiopteris). 
Pt.  xvi.  Phil.  Trans.  1889,  p  198,  seq.  (deals  with  the  development 

of  the  medulhi  in  the  centre  of  the  axial  vascular  bundle,  and 

with  KhachioptenR  irregularis). 
Pt.  xvii.  Phil.  Trans.  1890,  p.  89,  seq.  (deals  with  Lyginodendron 

Oldhamium  and  Rhachiopteris  aspera,  Bowmanites,  and  Gala- 

mite**). 
Pt  xviii.  Phil.  Trans.  1891,  p.  255,  seq.  (deals  with  Bowmanites 

Dawsoni  and  Rhachiopteris  ramosa). 
Pt.  xix.  Phil.  Trans    1892,  p.    1,  seq.  (deals  with  Lepidodendron 

Ilarcourtii,  Lepidophloios,  Lepidodendron  Spenceri,  and  Lepi- 

dostrobiis). 


FURTHER  OBSERVATIONS  ON  THE  ORGANISATION  OF  THE  FOSSIL  PLANTS 

OF  THE  COAL  MEASURES. 
BY  W.  C.  WILLIAMSON,  LL.D.,  F.R.S.,  EMERITUS  PROFESSOR  OF  BOTANY  IN 
THE  OWENS  COLLKGE,  MANCHESTER,  AND  D.  H.  SCOTT,  M.A.,  PH.D., 
HONORARY    KEEPER   OF  THE  JODRELL  LABORATORY, 

ROYAL  GARDENS,    KEW. 

Phil.  Trans.  1S94,  p.  863,  seq.  Pt.  i.  Calami tes,  Calamostachys,  and 
Sphenophyllmn.  Pt.  ii.  The  lioots  of  Calami  tes,  1894.  Pt. 
iii.  On  Lyginodendron  and  Het-erangium,  1895. 


MEMOIRS  AND  PAPERS  BY  W.  C.  WILLIAMSON,  LL.D.,  F.R.S. 

A  Notice  of  the  localities,  habits,  characteristics,  and  synonyms  of  a 
rare  British  species  of  Mytilus.  Mag.  of  Nat.  Hist,  vol.  vii., 
1834,  pp.  133-135. 

On  the  Distribution  of  Organic  Remains  in  the  Lias  Series  of 
Yorkshire,  with  a  view  to  facilitate  its  identification  by  giving 
the  situation  of  the  fossils.  Proc.  of  Geol.  Soc,  vol.  ii., 
1834,  pp.  82-83. 

Description  of  the  Tumulus  lately  opened  at  Gristhorpe,  near  Scar- 
borough, 1834. 
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On  the  Distribution  of  Org&nio  Remai'nB  in  the  Oolitic  formation 
on  the  Coast  of  Yorkshire.  Proc.  Geol.  Soc,  vol.  ii.,  1836, 
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During  the  past  twelve  months  the  Society  has  maintained  the 
high  level  both  of  its  meetings  and  publications,  and  the  attendance 
at  the  meetings  has  been  so  satisfactory  as  to  justify  the  conviction 
that  the  Society  is  in  a  thoroughly  healthy  and  active  condition. 
The  Spring  (ieneral  Meeting  was  held  at  York  on  April  26th  and 
27th,  and  was  associated  with  excursions  to  view  the  remains  of  two 
glacial  moraines  in  the  neighbourhood.  An  interesting  feature  of 
this  meeting  was  the  company  of  several  members  of  the  Glacialists* 
Association  who  had  accepted  the  Councirs  invitation  to  join  the 
party.  On  Friday,  April  26th,  the  members  met  at  York  Station, 
and  the  party,  numbering  25,  was  conveyed  by  waggonette  to  Ascham 
Bryan,  where  a  section  in  the  York,  or  more  northerly,  moraine  was 
examined.  The  journey  was  resumed  to  Bilbrough  Hall,  which  was 
shown  to  the  party  by  the  kindness  of  Guy  T.  Fairfax,  Esq.,  and  the 
curiosities  and  relies  of  the  Fairfax  family,  and  especially  of  General 
Lord  Fairfax,  were  described  by  Commander  Markham.  Before 
leavin^,'  a  cordial  vote  of  thanks  was  passed  to  Mr.  Fairfax  and 
Commander  Markham  for  their  kindness.  The  return  journey  was 
by  Ilealnugh  ami  Acomb,  giving  good  views  of  the  rounded  contours 
of  the  York  moraine.  The  General  Meeting  was  held  at  the  Museum 
of  the  York  Philosophical  Society,  Sir  Charles  Strickland,  Bart., 
presi(lin«^^  Interesting  papers  were  read  by  Mr.  Thos.  Sheppard,  of 
Hull,  nn  "  Another  section  in  the  so-called  glacial  gravels  of  Holder- 
ness,"  and  by  Mr.  C.  Fox-Strangways,  F.G.S.,  of  the  Geological 
Survey  ot  Kiigland,  on  "  Glacial  Phenomena  near  York."  Mr.  Percy 
F.  Kendall,  F.(}.S.,  gave  an  interesting  address  on  "Additional 
facts  respecting  the  (jilacial  Phenomena  of  Yorkshire,"  illustrated  by 
a  large  map  of  the  York  moraines.  The  members  dined  together  at 
the  North  Fastern  Hotel,  under  the  presidency  of  Rev.  E.  Maule 
Cole,  M.A.,  F.G.S.,  in  the  unavoidable  absence  of  Sir  Chas.  Strick- 
land. In  addition  to  the  usual  loyal  toast,  the  toasts  of  the  Lord 
Mayor,  Sheriti*  and  Corporation  of  York,  responded  to  by  the  Sherift*, 
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Dr.  Tfloipest  AnderBon,  the  Yorkshire  PhiloBophical  Society,  the 
Glacialists'  AssociatioD,  and  the  Yorkshire  Geological  and  Polytechnic 
Society  were  proposed.  After  dinner  the  Meeting  was  resumed  in 
the  Coffee  Room  of  the  North  Eastern  Hotel,  under  the  presidency 
of  Rev.  K  Maule  Cole.  Mr.  J.  Spink,  of  Pickering,  exhibited,  on 
behalf  of  Major  Jas.  Mitchelsou,  a  collection  of  ttDimal  remains  and 
pottery  found  ib  a  lake-dwelling  at  Pickering,  and  gave  an  account 
of  the  discovery  of  the  "  finds."  Mr.  P.  F.  Kend&ll,  F.O.S., 
exhibited  a  series  of  lantern  slides,  kindly  lent  by  Dr.  Wright,  to 
illoalTate  features  of  American  glacial  geology,  and  especially  dealing 
with  the  great  Muir  Glacier  of  Alaska. 

On  Saturday,  April  27th,  the  party  proceeded  by  train  to  Holtby, 
where  a  careful  examination  of  a  cutting  in  tlie  North-Eastem  and 
Midland  Railway  was  made.  This  cutting  passes  transversely 
through  the  northern,  or  York,  moraine,  and  shows  a  good  section  of 
boulder-clay,  in  which  the  members  found  Sliap  granite,  Scottish 
granites,  Brockram,  Carboniferous  rocks,  aud  Trias  marls  with  pseudo- 
morplis  of  rock  salt  and  gypMUUi.  The  road  was  then  taken  to 
Stamford  Bridge,  where  a  short  halt  was  made  for  lunch.  High 
Carlton  was  the  next  locality  visited.  Here  a  gravel  pit  in  the 
southerly,  or  Escrick,  moraine  was  examined.  It  showed  beds  of 
coarse  and  fine  gravel  and  ajind,  containing  Bruckram  and  Carbon- 
iferous rocks.  The  ridge  was  then  ascended  aud  a  good  view 
obtained  of  the  lie  of  the  two  crescentic  moraines.  On  the  return 
journey  the  southerly  moraine  was  crossed  again,  showing  gravelly 
deposits  in  the  middle  aud  boulder-clay,  with  a  little  sand,  plastering 
the  flanks  of  the  moraine.  A  little  further  on  chalky  gravels  were 
found  in  a  field  near  the  High  Catton  Railway  Bridge.  The  party 
returned  to  York  by  wagonette  fron.  Stamford  Bridge,  and  dined 
together  at  the  North  EsHteru  Hotel.  Before  dinner  there  waa  a 
meeting  of  the  GUcialists'  Astjociatiou,  at  which  the  members  of  the 
Yorkshire  Geological  Society  were  present  by  invitation.  An 
interesting  paper  on  "  The  (jlaciatiou  of  the  Fretoes,"  by  Dr.  Karl 
Grossman  and  J.  Lomas,  A.R.C.S.,  was  read  by  Dr.  Grossman,  and 
iUoBtrated  by  a  remarkable  series  of  lantern  slides  taken  during  their 
joain^. 
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'file  Summer  General  Meeting  and  Field  Excursion  of  the 
Society  was  held  at  Filey,  on  Thursday  and  Friday,  June  27th  and 
28th.  On  Thursday  the  members  attempted  to  cany  out  the  pro- 
gramme, which  included  the  examination  of  the  coast  from  Filey 
Brigg  to  Oristhorpe  Bay,  but  a  heavy  thunderstorm  which  broke 
over  Filey  about  noon  rendered  this  almost  impossible,  and  interfered 
much  with  the  comfort  of  the  members.  Most  of  the  time  not  spent 
under  shelter  was  devoted  to  the  examination  of  the  Brigg.  but  an 
enterprising  party,  under  the  leadership  of  Mr.  J.  W.  Stather,  F.6.S., 
succeeded  in  getting  as  far  as  Gristhorpe  Bay.  On  Friday,  June 
28th,  the  party  proceeded  along  the  shore  from  Filey  to  Speeton, 
examining  the  drift  deposits  and  also  the  Neocomian  beds  and  the 
Lower  Chalk.  After  ascending  Speeton  Gap  and  inspecting  the 
moraine  on  the  summit  of  the  cliff,  the  party  returned  to  Filey  by 
train.  In  the  evening  the  members  dined  together  at  the  Crescent 
Hotel,  Filey,  under  the  presidency  of  R.  H.  Tiddemau,  Esq.,  M.A., 
P.6.S.,  of  the  Geological  Survey  of  England.  After  dinner  the 
General  Meeting  was  held  which  wa«  of  a  cunvcrsational  character, 
various  points  of  interest  in  the  geology  of  the  district  being  touched 
upon  by  the  Chairman,  Messrs.  Stather,  Mortimer,  Walton,  and 
Carter. 

On  Saturday,  June  20th,  the  members  joined  the  Yorkshire 
Naturalists*  Union  Excursion  to  Flamborongh.  The  route  taken  was 
from  Benipton  Station  to  the  cliffs,  and  along  the  cliff  path  to  North 
Landing  and  the  Lighthouse.  The  chief  points  of  interest  were  the 
fine  contortions  at  Old  Dor  and  the  antics  of  the  guillemot*  and 
other  sea  birds,  the  splendid  examples  of  marine  denudation  at 
Thornwick  Bay  and  North  Landing,  and  the  interesting  blow-hole, 
and  glacial  beds  under  the  Lighthouse. 

Early  in  the  year  a  fine  photograph  of  the  denuded  boulder-clay 
of  Carr  Naze,  Filey,  from  a  negative  kindly  lent  by  Mr.  Godfrey 
Biugley,  of  Leeds,  was  issued  to  tlie  members,  t-ogether  with  a 
description  of  the  locality  by  Rev.  R  Maule  Cole,  M.A.,  F.G.S. 
Vol.  xii.  part  v.  of  our  Proceedings  also  issued  during  the  summer, 
and  was  illustrated  by  an  unusually  large  number  of  excellent  plates. 
In  the  opinion  of  the  Council  it  will  be  advantageous  to  concentrate 
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the  efforts  of  the  Society  more  especially  on  the  Proceedings,  and 
they  helieve  that  the  members  would  prefer  additional  photographs 
to  be  issued  in  each  volume  of  the  Proceedings,  rather  than  to  have 
so  much  money  spent  yearly  over  one  enlargement  In  order  to  test 
this  feeling  the  Council  have  resolved  to  issue  with  the  Proceedings, 
vol.  xiii.,  pt.  i.,  a  fine  series  of  nine  views  of  the  Dry  Valley  of  the  Aire, 
above- Malham  Gove,  which  have  generously  been  placed  at  the  disposal 
of  the  Society  by  Mr.  Godfrey  Bingley .  If  this  experiment  is  approved 
of  by  the  members  the  Council  will  consider  the  advisability  of  con- 
tinuing to  issue  series  of  views  of  geological  interest  year  by  year, 
with  explanatory  notes,  to  be  bound  up  with  the  current  volume  of 
the  Society's  Proceedings. 

OwiDg  to  the  removal  of  Mr.  Ernest  E.  Speight,  B.A., 
from  Yorkshire  to  Oxford,  the  work  of  exploration  in  Upper 
Wharfedale  has  had  to  be  discontinued  for  the  present.  Three 
trustees,  Messrs.  J.  R  Eddy,  J.  J.  Wilkinson,  and  E.  T.  Hartley,  were 
appointed  by  your  Council  to  take  charge  of  the  "finds,"  but  there 
was  considerable  difficulty  in  arranging  for  their  safe  custody.  Mr. 
Eddy  kindly  provided  a  home  for  the  "  finds  "  in  an  empty  cottage 
on  the  completion  of  the  term  of  tenancy  of  Mr.  Baxendale's  cottage, 
in  which  they  had  been  left  by  Mr.  Speight,  but  the  reports  of  the 
trustees  and  others  convinced  the  Council  that  immediate  steps 
should  be  taken  to  place  them  in  some  safe  and  suitable  place.  The 
Secretary  was,  accordingly,  instructed  to  call  a  joint  meeting  of  your 
Council  and  the  Upper  Wharfedale  Kxploration  Committee  at 
Grassington  when  the  whole  subject  could  be  carefully  considered  on 
the  spot.  In  accordance  with  this  resolution  the  members  of  the 
two  Committees  were  summoned  to  meet  at  Grassington  on  Saturday, 
October  19tli.  The  morning  was  spent  in  an  examination  of  the 
"  finds,"  and  in  a  survey  of  the  sites  of  exploration.  The  members 
of  the  Committees  were  accompanied  by  Messrs.  Crowther,  Hill,  and 
Rogers,  of  Grassington.  The  Joint  Committee  then  met  the  Com- 
mittee of  the  Grassington  Mechanics'  Institute,  and  conferred  with 
them  as  to  the  most  suitable  location  of  the  "  finds."  After  some 
conference  it  was  unanimously  resolved  that  the  results  of  the  exca- 
vations undertaken  by  Rev.  Bailey  J.  Harker  and  Mr.  Ernest  R 
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Speight  should  be  amalgamated,  and  placed  in  locked  cases  belonging 
to  the  Yorkshire  Geological  Society,  under  the  complete  control  of 
trustees  appointed  by  this  Society.  A  suitable  room  was  found  iu 
the  Grnssington  Mechanics'  Institute  for  the  location  of  the  cases, 
and  your  Council  have  pleasure  in  reporting  that  they  consider  that 
the  safety  of  this  interesting  collection  is  now  assured,  and  a  proper 
basis  established  for  future  exploration  work.  Owing  to  the  diffi- 
culty of  adetjuate  superintendence  it  is  not  proposed  to  proceed  with 
the  exploration  any  further  at  present,  but  steps  will  be  taken  to 
have  a  preliminary  survey  of  several  interesting  parts  of  Qrassington 
Moor  made,  with  tlie  view  of  ascertaining  the  exact  plan  of  the  com- 
plicated mounds  existing  there,  and  of  determining  the  best  localities 
for  future  operations. 

Steps  have  been  taken  by  your  Council  during  the  year  for  the 
location  of  the  Library  of  the  Society  in  some  central  place  easy  of 
access.  Overtures  were  made  to  the  Leeds  Philosophical  and  Literary 
Society  for  the  use  of  a  cupboard  in  their  library,  in  which  the  books 
owned  by  this  Society  could  be  deposited  on  loan.  That  application 
has  been  cotisidered  and  agreed  to  by  the  Ijeeds  Philo.<<ophical  Society, 
and  this  forms  another  link  in  the  bond  of  union  which  has  for  so 
many  years  united  the  two  Societies  together. 

The  Council  much  regret  to  have  to  record  the  loss  by  death  o( 
one  of  our  Honorary  Members,  Professor  Williamson,  F.R,S.,  and  also 
of  the  loss  of  two  of  the  Vice-Presidents,  Messrs.  Itichard  Carter, 
J. P.,  F.(f.S.,  and  Thomas  W.  Tew,  J.P.,  who  took  a  ^reat  interest  in 
the  work  of  our  Society.  Mr.  Carter,  as  a  metnber  of  the  Council  for 
many  years,  was  especially  active  in  forwarding  the  interests  of  the 
Society,  and  the  loss  of  his  getiial  presence  and  weighty  influence 
will  be  regretfully  felt  by  his  fellow-workers. 

The  ollicers  are  glad  to  be  able  to  report  that  the  Society  is  in  a 
thorou/^hly  sound  financial  position,  and  that  the  promises  of  papers 
and  other  scientific  help  give  strong  grounds  for  the  hope  that  the 
next  year  of  the  Society's  work  will  be  (luite  as  sucxicsful  as  any 
previous  year  in  its  history. 

The   Proceedings  of  the  Society  have  been   forwarded,  as   in 
previous  years,  to  leading  Scientific  Societies  in  various  parts  of  the 
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world,  and  the  best  thanks  of  the  Society  are  due,  and  are  hereby 

tendered,  to  the  following  Societies  who  have  kindly  sent  their 

publications  in  exchange  : — 
Maaoheeter  Geological  Society. 
Royal  Institution  of  Cornwall 
Academy  of  Natural  Sciences,  Philadelphia,  U.S.A. 
Society  Imperiale  des  Naturalistes,  Moscow. 
United  States  Geological  Survey. 
Boston  Society  of  Natural  History,  U.S.  A. 
Hull  Literary  and  Philosophical  Society. 
Academy  of  Sciences,  St.  Louis,  Mo.,  N.S.A. 
Geological  Society  of  London. 
Royal  Geological  Society  of  Cornwall. 
Royal  Physical  Society  of  E«linburgh. 
Museum  of  Comparative  Zoology  at  Harvard  College. 
Bristol  Naturaliste'  Society. 
American  Philosophical  Society,  Philadelphia. 
Smithsonian  Institution,  Washington. 
American  Museum  of  Natural  History,  New  York. 
Leeds  Literary  and  Philosophical  Society. 
University  Library,  Cambridge. 
Manchester  Geographical  Society. 
Yorkshire  Philosophical  Society,  York. 
Manchester  Literary  and  Philosopliical  Society. 
New  York  State  Library,  Albany. 
L' Academic  Royale  Suodoise  des  Sciences,  Stockholm . 
Liverpool  (Geological  Association. 

Geolo{|ical  Institution,  Royal  University  Library,  Upsala. 
Societc^  d'Emulation  d'Abbeville. 
United  St.ates  National  Museum,  ^Vl^8hi^^ton,  D.C. 
New  York  Academy  of  Sciences. 
Hull  Geological  Society. 
I^eeds  (teological  Association. 
Nova  Scotian  Institute  of  Science,  Halifax. 
Geological  Survey  of  Minnesota,  Minnea])oli8. 
Kaiserliche  Leopoldinisch-Carolinischo  Deutsche  Akademie  der  Natur- 

forscher,  Halle-a-Saale. 
Royal  Society  of  New  South  Wales,  Sydney. 
Wagner  Free  Institute  of  Science,  Philadelphia. 
Institute  C^eologico  de  Mexico. 
British  Museum  (Natural  History). 
Australian  Museum,  Sydney. 
The  Glacialists'  Association. 
The  Department  of  Mines,  Sydney,  N.S.  W. 
The  eulogists'  Association,  London. 
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Council  Meeting^  Philosophical  Hall,  Leeds,  2 1st  February,  1895. 

The  chair  was  taken  by  Mr.  Richard  Reynolds,  F.C.S. 

Present :— Messrs.  T.  Tate,  C.  W.  Fennell.  J.  J.  Wilkinson.  J. 
Stubbing  J.  E.  Bedford,  P.  F.  Kendall,  W.  Cash,  W.  Simpson,  R, 
Carter,  W.  Rowley,  and  W.  L.  Carter  (Hon.  Sec.) 

A  letter  of  regret  for  absence  was  read  from  Mr.  J.  T.  Atkinson. 

The  minutes  of  the  preceding  Council  Meeting  were  read  and 
confirmed. 

Resolved  that  a  Geological  Photograph  be  published  and  issued 
to  the  members. 

Mr.  J.  E.  Bedford,  F.G.S.,  exhibited  a  large  number  of  fine 
Geoli);j:ieal  Photo|?raphs  from  negatives  taken  by  Mr.  Godfrey  Bingley, 
of  Leeds. 

A  small  selection  of  Yorkshire  Views  having  been  made,  it  wa^ 
resolvod  that  a  view  of  the  old  river  valley  of  the  Aire  between 
Malham  Tani  and  Malliam  Cove  be  published.  The  next  view  on 
tho  list  of  selection  was  one  of  denuded  Boulder-clay  Cliffs,  at  Can- 
Naze,  Filey.  A  fine  photograph  of  Malliam  Cove  was  much  admired. 
Mr.  P.  F.  Kendall,  F.G.S.,  suggested  that  a  view  should  be  U\kei)  of 
Spectou  Windmill  from  near  the  Station  to  show  the  great  moraine. 

A  vote  of  thanks  was  passed  to  Mr.  Godfrey  Bingley  for  affonl- 
ini^^  the  (Jouncil  so  choico  a  selection  of  jdiotographs,  and  also  for  his 
kindness  in  oflering  the  use  of  his  negative  for  the  production  of  a 
large  photograph. 

Mr.  H.  M.  Platiiauor,  B.Sc,  F.S.S.,  was  appointed  Local  Secre- 
tary for  the  York  District. 

The  Secretary  reported  that  he  had  received  a  suggestion  that 
the  next  (leneral  Meeting  should  be  held  at  York,  and  that  it  should 
be  associated  with  a  Field  Excursion  for  the  examination  of  the  York 
moraines  described  in  Mr.  Kendall's  paper  in  the  Proceedings,  vol. 
xii.,  part  iv. 
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Mr.  Kendall  explained  his  views  for  the  programme  of  such  a 
meeting. 

It  was  then  resolved  that  the  next  General  Meeting  be  arranged 
as  above,  and  that  a  cordial  invitation  be  given  to  the  members  of 
the  GlacialistM*  Association  to  join  in  the  Meeting  and  Excursion. 

The  arrangements  for  the  meeting  were  then  discussed  and  a 
provisional  programme  adopted,  Mr.  P.  P.  Kendall,  F.G.S.,  being 
appointed  Leader. 

With  regard  to  the  Upper  Wharfedale  Exploration  Coiumittce, 
the  Hon.  Secretary  read  letters  from  Mr.  R  E.  Speight  stating  that 
the  tenancy  of  the  cottage  at  Grassington  expired  on  January  26th, 
and  that  Mr.  fiaxendale  desired  the  removal  of  the  "  finds." 

Mr.  J.  J.  Wilkinson  gave  a  short  account  of  the  negotiations 
with  the  authorities  of  the  Grassingt4)n  Mechanics'  Institute,  which 
seemed  to  have  issued  in  a  deadlock. 

The  Secretary  reported  that  the  Exploration  Committee  had 
met  and  requested  the  trustees  to  take  steps  for  the  security  of  tlie 
'*  finds.''  He  was  re<iuested  to  communicate  at  once  with  Mr.  J.  R. 
Eddy. 


General  Meeting  and  Excursion ^  held  at  York,  April  26th  and 
27  th,  1895. 

Friday,  April  26th.  The  members  met  at  York  Station  at  12-15. 
A  waggonette  conveyed  the  party,  which  numbered  twenty-five,  to 
Ascham  Bryan,  where  a  section  in  the  northern,  or  York,  moraine 
was  examined. 

The  journey  wjis  resumed  to  Bilbrough  Hall  whicli  was  shown 
to  the  party  by  the  kindness  of  Guy  T.  Fairfax,  Esq.,  and  the  relics 
of  the  Fairfax  family,  and  especially  of  General  Lord  Fairfax,  were 
described  by  Commander  Markham.  Before  leaving  a  very  cordial 
vote  of  thanks  was  passed  to  Mr.  Fairfax  for  his  kindness  in  exhibit- 
ing this  interesting  collection,  and  to  Commander  Markham  for  his 
lucid  explanations. 

The  return  journey  was  by  Ileiilaugh  and  Acomb,  giving  good 
views  of  the  York  moraine. 
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The  General  Meeting  was  held  at  the  York  Museum,  at  -l-SO,  by 
the  kind  permission  of  the  Yorksliire  Philosophical  Society. 
Tlio  chair  was  taken  by  Sir  Ghas.  Strickland,  Bart 
Present :— 41. 

The  following  new  members  were  elected  : — 
John  Farrah,  F.RMetS.,  Harrogate. 
Alfred  Harker,  M.A.,  F.G.S.,  Cambridge. 
A   Paper  was  read  by  Mr.  Tliomas  Sheppard,  on  "  Another 
section  in  the  so-called  Inteiglacial  Gravels  of  Holdemess,"  illustrated 
by  a  section. 

A  Pai)er  was  communicated  by  Mr.  G.  Fox-Strangways,  F.G.S., 
of  the  Geological  Survey,  on  "  Glacial  Phenomena  near  York,"  illus- 
trated by  a  sketch  map. 

An  Address  was  delivered  by  Mr.  P.  F.  Kendall,  F.6.S.,  on 
"  Additional  Facts  respecting  the  Glacial  Phenomena  of  Yorkshire," 
illustrated  by  a  large  map  of  the  York  moraines. 

A  vote  of  thanks  was  passed  to  Sir  Ghas.  Strickland  for  presiding. 
The  members  dined  together  at  Halliweirs  North  Eastern  Hotel, 
under  the  presidency  of  the  Ilev.  E.  Maule  Cole,  M.A.,  F.G.S.,  in  the 
unavoidal)lo  absence  of  Sir  Chas.  Strickland,  Bart 

In  addition  to  tlie  usual  loyal  toast  the  following  toasts  were 
proposed  from  the  chair  : — 
The  Lord  Mayor,  Sheriff,  and  Corporation  of  York  ;  responded  to 

by  the  Sheriff,  Dr.  Tempest  Anderson. 
The  Yorkshire  Philosophical  Society  ;  responded  to  by  Mr.  J.  E. 
(;iark,  B.A.,  B.Sc. 
The  Glacialists  Association  ;  responded  to  by  Dr.  Karl  Grossmaun. 
Tlie  Yorkshire  Geological  and  Polytechnic  Society  ;  responded  to 
by  the  Hon.  Secretary. 
After  dinner  the  meeting  was  resumed  in  the  Cofifee  Room  of 
the  North  Eastern  Hotel,  under  the  presidency  of  the  Rev.  E.  Maule 
Cole. 

Mr.  J.  Spink,  of  Pickering,  exhibited,  on  behalf  of  Major  James 
Mitchelson,  a  collection  of  pottery  and  animal  remains  found  in  a 
Lake-dwelling  near  Pickering,  and  gave  an  account  of  the  excavations 
that  had  been  made. 
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Mr.  P.  F.  Keadall,  P.G.S.,  exhibited  a  fine  series  of  Lantern 
Slides,  kindly  lent  by  Dr.  Wright,  to  ilhistrate  glacial  features  in  the 
extreme  north-west  of  America,  and  especially  features  exhibited  by 
the  great  Muir  Glacier,  of  Alaskn. 

A  discussion  followed  on  the  various  papers  and  addresses  in 
which  Dr.  P.  F.  Walton,  Mr.  J.  E.  Clark,  Rev.  E.  Maiile  Cole,  and 
Mr.  P.  P.  Kendall  took  part 

A  vote  of  thanks  was  passed  to  the  Yorkshire  Philosophical 
Society  for  kindly  granting  the  use  of  the  Museum,  and  to  Mr.  H. 
Pktnauer  for  his  arrangements  for  the  meeting. 

Saturday,  April  27th.  The  party  proceeded  by  train  to  Holtby, 
where  a  careful  examination  was  made  of  a  cutting  in  the  North- 
Eaatem  Railway.  This  cutting  passes  transversely  through  the 
northern  moraine  and  showed  a  good  section  of  boulder-clay,  in 
which  were  found  bonlders  of  Sliap  granite,  Scottish  granites.  Brock- 
ram,  Carboniferous  rocks.and  Trias  marls  with  pseudoniorphsofrocksalt 
and  gypsum.  The  road  was  then  taken  Ui  Stamford  Bridge  where  a 
short  halt  was  made  for  loiicbeon.  Thence  the  party  proceeded  to 
Higli  Catton  where  a  gravel-pit  in  the  soiitheni,  or  Escrick,  moraine 
waj*  examined.  It  showed  beds  of  coarse  and  fine  gravel  and  sand 
containing  Brockrani  and  Carboniferous  rocks.  The  Escrick  moraine 
was  then  ascended  and  a  good  view  obtained  of  the  lie  of  the  two 
moraines.  On  the  return  journey  the  southern  moraine  was  crossed 
again  showing  a  section  of  gravelly  deposits  in  the  middle,  and 
boulder-clay  with  a  little  sand  plastering  the  outer  side  of  the  moraine. 
A  Httle  further  on  chalky  gntvels  were  seen  in  a  pit  near  the  railway 
bridge  at  Hunger  Hill.  The  party  rctnrned  by  waggonette  from  Stam- 
ford Bridge  to  York,  and  dined  together  at  the  North  Jiistern  Hotel. 
Before  dinner  a  meeting  of  the  Glacialtsts'  Association  was  held, 
to  which  the  members  {)f  the  Yorkshire  Geological  Society  were 
courteously  invited.  An  interesting  paper  on  "  The  Glaeiation  of 
the  P'aroes  "  by  Dr.  Karl  Grossmann  and  Mr.  J.  Lomas,  A.R.C.S., 
was  read. 


Council  MeetitKj,  Pliilosophical  Hall,  Leeds,  10th  June,  1895. 
The  chair  was  taken  by  Mr.  Richard  Reynolds,  F.CS. 
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Present :— Messrs.  R  Carter,  W.  Gash,  P.  F.  Kendall.  J.  T. 
Atkinson,  J.  J.  Wilkinson,  C.  W.  Fennell.  J.  H.  Hovarth,  and 
W.  L  Carter  (Hon.  Sec.) 

The  minutes  of  the  previons  Council  Meeting  were  read  and 
confirmed. 

Letters  of  regret  for  non-attendance  were  read  from  Messrs. 
A.  Lupton  and  J.  R  Eddy. 

Wharfedale  Exploration.  A  letter  was  read  from  Mr.  J.  R  Eddy 
reporting  that  the  "  finds  "  had  been  removed  from  Mr.  Baxendale's 
cottage  to  an  unoccupied  cottage  belonging  to  Mr.  Eddy.  Mr. 
Wilkinson  reported  on  a  claim  by  Mr.  Baxendale  for  £2  for  rent 
He  also  reported  that  owing  to  a  burst  in  the  water  pipes  the  "  finds  " 
had  l)ecome  damaged  by  the  wet.  After  some  conversation  it  was 
agreed  to  leave  the  matter  for  the  present  in  the  hands  of  the 
trustees. 

The  Secretary  reported  that  he  had  received  a  number  of  the 
Proceedings  ol  scientific  societies,  sent  in  exchange,  for  which  he  had 
not  house  room,  and  suggested  that  it  was  desirable  that  arrange- 
ment s  should  be  made  for  their  deposit  in  a  central  library. 

Resolved  that  Messrs.  J.  T.  Atkinson,  R  Reynolds,  and  the 
Hon.  Sccretar}'  be  a  Sub-Committee  to  interview  the  Council  of  the 
Leeds  Philosophical  Society  as  to  the  possibility  of  their  being  able 
to  find  room  for  the  Library  of  the  Society,  and  as  to  the  conditions 
of  its  custody. 

The  following  accounts  were  passed  for  payment : — 

£  s.  d. 
Whitley  and  Booth  (Proceedings)  -  -  24  5  4 
Upfield,  (Treen  and  Co.  (Plates)  -        -      d  U    0 

F.  Carter  (Circulars  and  Stationery)    -        -      2    0    0 

Resolved  that  the  Summer  Meeting  and  Excursion  be  held  at 
Filey,  on  June  27th  and  28th,  and  that  arrangements  be  made  for 
the  members  to  join  the  Yorkshire  Naturalists'  Excursion  at  Flam- 
borough  on  Saturday,  June  20th.  The  Secretary  reported  that 
Mr.  R.  H.  Tiddeman,  M.A.,  F.(t.S.,  of  the  Geological  Survey,  had 
kindly  promised  to  preside  at  the  next  meeting. 
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Onural  Meeting  and  Field  Excuraon,  at  Filey,  Juae  S7tb  and 
S8th,  1895. 

Thursday,  June  27th.  The  route  taken  was  from  Filey  across 
the  bay  to  the  Bri^,  and  then  by  the  cHffa  to  tiristhorpe  Bay.  Most 
of  tbe  time  was  spent  on  the  Brigg,  a  heavy  thunderetorm  inter- 
fering considerably  with  the  comfort  of  the  party.  Mr.  J,  W. 
Slather,  F.U.S.,  was  the  leader. 

Friday,  June  28tlL  The  party  proceeded  along  the  shore  from 
Filey  to  Speetou,  examining  the  Drift  deposits  and  the  Neocomiao 
and  Luwvr  Chalk  strata.  Aft«r  ascending  Speeton  Gap  and  inspect- 
ing the  moraine  at  the  top  of  the  cliff,  the  party  returned  to  Filey  by 
train. 

The  members  dined  together  at  the  Crescent  Hotel,  Filey,  under 
the  presidency  of  R.  H.  'I'iddeman,  Esq.,  MA-,  F.U.S. 

After  dinner  the  General  Meeting  was  held.  The  meeting  was 
largely  converRntional,  remnrks  on  various  points  of  interest  in  con- 
nection with  tlie  geolr)(,'y  of  the  district  being  olTered  by  the  chairman 
(R.  H.  Tiddenian,  Esq.),  and  Messra.  J.  W.  Stather,  J.  H.  Mortimer, 
F.  F.  Walton,  and  W.  L.  Carter. 

Mr.  John  Imbery,  of  Halifax,  was  elected  a  member  of  the 
Society. 

A  vote  of  thanks  to  the  president  of  t)ie  day  concluded  the 
proceedings. 

On  Saturday,  June  29tli,  tlie  members  joined  the  excursion  of 
the  Yorkshire  Naturalists'  Union  to  I'lam borough.  Tlie  route  taken 
was  fi-um  Bemptoii  Station  to  the  cliffs,  and  by  the  cliff  path  to 
North  Landing  and  the  Lighthouse.  The  leaders  of  the  geological 
section  were  Messrs.  J.  W.  Stather,  F.(i.S.,  and  W.  L.  Carter,  F.G.S. 

Council  Meeting,  Philosophical  Hall,  Leeds,  17th  September, 
1H95. 

The  chair  was  tjiken  by  Mr.  Richard  Reynolds,  F.C.S. 

Present  :— Messrs.  G.  H.  Parke,  J.  H.  Howarth,  J,  J.  Wilkinson, 
J.  Stubbina,  and  VV.  L.  Carter  (Hon.  Sec.J 

Letters  of  regret  for  non-attendance  were  received  from  Messrs. 
W.  Simpson,  W.  Gregson,  C.  W.  Fennell,  J.  R.  Eddy  and  T.  Tat«. 

The  minutes  of  the  previous  Council  Meeting  were  read  and 
confirmed. 
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Wharfedale  Exploration.  The  Sectetary  read  a  letter  from  Mr. 
Cudworth  saying  that  the  "  finds  "  were  in  a  cottage  at  Ghrasnngton, 
in  a  very  unsatis&ctory  condition.  This  statement  was  confirmed 
by  Mr.  Wilkinson  and  Mr.  Stubbins.  The  Secretary  was  instructed  to 
write  to  Mr.  J.  Et  Eddy  asking  him  to  fix  a  date  for  a  Council  Meeting 
either  at  Urassington  or  Leeds,  when  the  whole  matter  could  be 
considered,  and  the  future  work  of  the  Exploration  Committee  be 
decided  upon.  It  was  suggested  that,  if  the  meeting  were  held  i^ 
(rrassington,  the  Upper  Wharfedale  Exploration  Committee  should 
be  summoned  at  tlie  same  time. 

llesolved  tliat  the  Annual  Meeting  be  held  at  Hudd^^eld  in 
November. 

Resolved  that  Mr.  Cash  preimre  a  resolution  in  memory  of  the 
late  Dr.  Williamson. 

llesolved  that  Mr.  Thos.  Hick,  B.Sc.,  A.L.S.,  be  nominated  for 
Honorary  Membership. 

Tiie  Secretary  exhibited  a  series  of  photogn^hs  taken  by  Mr. 
trodfrey  Bingley,  of  the  Dry  Valley  of  the  Aire,  above  Malham  Cove. 

Resolved  that  a  series  of  these  photographs  be  issued  with  the 
next  part  of  the  Proceedings,  in  place  of  a  large  photograph  for  1896. 

In  conversation  it  was  suggested  that  this  might  be  an  advisable 
precedent  for  the  future,  as  the  photographs  would  thus  be  more 
easily  preserved,  and  there  would  be  a  considerable  saving  in  the 
expenses  of  packing  and  postage. 

The  Secretary  reported  that  lie  had  had  an  interview  with  Mrs. 
J.  W.  Davis,  and  inspected  the  books  belonging  to  the  Society.  He 
had  an-anged  for  their  removal  from  Chevinedge  when  the  Council 
provided  a  suitable  location  for  the  library.  Mr.  Reynolds  reported 
that  he  had  not  yet  been  able  to  bring  the  matter  before  the  Council 
of  the  Leeds  Philosophical  Society,  but  would  do  so  at  an  early 
opportunity. 

The  following  accounts  were  passed  for  payment  : — 

£    s.    d. 

Autotype  Co. 33  12    3 

Whitley  and  Booth 41   16    0 

The  Secretary  reported  that  he  had  received  the  Bond  for  £350 
from  the  Town  Clerk  of  Halifax,  with  coupons  attached,  and  asked 
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the  Council  to  decide  as  to  its  custody.  It  was  unanimously 
resolved  that  the  Bond  should  he  deposited  with  the  Bankers  of 
the  Society,  who  shonld  be  requested  to  credit  the  coupons  to  the 
Society's  account  as  they  fell  due. 


Joint  Meeting  of  the  Council  of  the  Yoi'kshire  Geological  and 
Polytechnic  Society  and  the  Upper  Wharf edak  Exploration  Committee^ 
at  Grassington,  October  19th,  1895. 

The  morning  was  spent  in  an  inspection  of  the  ''  finds/'  and  a 
survey  ot  the  points  on  Grassington  Moor,  Conistone  Old  Pasture, 
and  Grasswood,  where  the  various  excavations  had  been  made. 

In  the  aftomoon  there  was  a  meeting  of  the  Joint  Committoe 
and  the  Committee  of  the  Grassington  Mechanics'  Institute,  at  the 
Mechanics'  Instituto,  Grassington. 

The  chair  was  taken  by  Mr.  J.  R.  Eddy,  F.G.8. 

Present : — Messrs.  J.  H.  Howarth,  J.  Stubbins,  J.  J.  Wilkinson, 
C.  W.  Fennell,  W.  Cash,  H  T.  Hartley,  and  W.  L.  Carter  (Hon. 
See.),  and  Messrs.  Joseph  Longstaft*,  George  Owram,  and  Thomas 
Platts,  of  the  Grassington  Institute  Committee. 

The  Chainnan  opened  the  meeting  by  a  statement  of  the  present 
situation,  and  reviewed  the  negotiations  which  had  taken  place 
between  the  Exploration  Committee  and  the  Mechanics'  Committee. 

After  some  conversation  the  following  resolutions  were  proposed 
by  Mr.  Thos.  Platts,  seconded  by  Mr.   Jos.  liongstaff,  and  carried 
unanimously. 
Resolved — 

(1)  That  the   *'  finds  "  collected  by  the  Rev.  B.  J.  Harker  and 

Mr.  E.  B.  Speight  be  amalgamated. 

(2)  That  the    whole   control   of  these   "finds"   be   vested  in 

Trustees  appointed  by  the  Yorkshire  Geological  and  Poly- 
technic Society,  and  that  these  Trustees  hold  the  keys  of 
the  cases. 

(3)  That  the  Grassington  Mechanics*  Institute  agree  to  provide 
proper  accommodation  for  the  locked  cases  containing  the 
**  finds,"  and  provide  for  their  future  safety. 

The  members  of  the  three  Committees  then  inspected  the  rooms 
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in  the  Mechanics'  Institute,  and  decided  that  the  ante-room  upstairs 
w&s  a  very  suitable  place  for  the  location  of  the  cases. 


Council  Meeting,  George  Hotel,  Huddersfield,  13th  November, 
1895. 

The  chair  was  taken  by  Mr.  Richard  Reynolds,  F.C.S. 

Present :— Messrs.  W.  Cash,  C.  W.  Fennell,  6.  II  Parke,  J. 
Stubbins,  J.  Field,  J.  W.  Stather,  and  W.  L.  Carter  (Hon.  Sec.) 

The  minutes  of  the  previous  Council  Meeting  and  of  the  meet- 
ing of  the  Joint  Committees  at  Urassington  were  read  and  confirmed. 

Letters  of  regret  for  non-attendance  were  read  from  Lord  Ripon, 
Messrn.  J.  T.  Atkinson  and  W.  Gregson. 

The  following  accounts  were  passed  for  payment  — 

£  8.  d. 
F.  Carter  (Circulars  and  Stationery)  -  -  4  15  7 
J.  Baxendale  (Rent  of  Cottage  at  Grassington) 

on  account  of  Kx])loration  Committee    -      2    0    0 

The  Chairiuan  reported  that  tlie  ("oinicil  of  the  Leeds  Literary 
and  IMiilosopliical  Society  had  plai'cd  a  Cupboard  at  the  disposal  of 
this  Society  for  its  Library. 

The  Secretary  read  the  Annual  ReiX)rt  and  the  Treasurer  pre- 
scnt43(l  the  Financial  Statement,  which  were  adopted  for  presentation 
to  the  Annual  Meeting. 

The  list  of  otHcers  was  considered.  Mr.  J.  R.  Eddy  was  nomi- 
nated as  a  Vice-President,  in  the  place  of  the  late  Mr.  R. 
Carter,  F.G.S.,  and  Dr.  Forsyth,  of  Leeds,  was  nominated  for  a  seat 
on  the  Council. 

Mr.  (t.  H.  Parke,  F.L.S.,  F.G.S.,  was  appointed  a  Governor  of 
the  Yorkshire  College  for  the  year  1895-96. 

Mr.  William  Ca,sli,  F.G.S.,  was  appointed  the  representative  of 
the  Council  on  the  Corresponding  Committee  of  the  British  Associa- 
tion for  the  Liverpool  Meeting  of  1896. 

The  list  of  Local  Secretaries  was  adopted  without  altenition. 


Annual  General  Meeting,   at   Iluddersfield,    13th  November, 
1895. 
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The  chair  was  taken  by  Mr.  Richard  Reynolds,  F.G.S.,  in  the 
unavoidable  absence  of  Mr.  A.  Smith  Woodward,  F.L.S.,  F.6.S. 

Letters  of  regret  for  non-attendance  were  received  from  Lord 
Ripon,  the  Mayor  of  Huddersfield,  Messrs.  J.  T.  Atkinson,  W. 
Gregson,  J.  Stears,  G.  W.  Lamplngh,  and  F.  W.  Branson. 

The  Annual  Report  was  read  by  the  Hon.  Secretary  and  adopted. 
The  Financial  Statement  was  presented  by  the  Treasurer  and 
adopted. 

The  following  new  members  were  elected  : — 
Edward  Tomson  Hartley,  M.A.,  Skipton. 
Harry  MuUer,  London. 
Frank  Wood,  C.E.,  Wakefield. 
Ernest  Haworth,  Wakefield. 
Godfrey  Bingley,  Leeds. 
Resolved  and  carried  unanimously  that  Mr.   Thomas  Hick, 
B.A.,  B.Sc,  A  L.S.,  of  Owens  College,  Manchester,  be  elected  an 
Honorary  Member  of  the  Society. 

The  officers  were  then  elected  as  follows  : — 

President :  The  Marquis  of  Ripon,  K.G. 
Vice-Presidents  : 


Earl  Fitzwilliam. 

Earl  of  Wharnclifre. 

Earl  of  Crewe 

Viscount  Halifax. 

Dr.  H.  C.  Sorby,  F.R.S.,  F.G.S., 

Walter  Morrison,  M.P. 


James  Booth,  J.P.,  F.G.S. 
Dr.  F.  H.  Bowman,  F.R.S.E. 
Prof  A.  H.  Green,  F.R.S.,  F.G.S. 
W.  H.  Hudleston,  F.R.S.,  F.G.S. 
Richard  Reynolds,  F.C.S. 
J.  Ray  Eddy,  F.G.S. 


W.  T.  W.  S.  Stanhope,  J.  P. 

Hon.  Treasurer  :  William  Cash,  F.G.S. 
Hon.  Secretary  :  W.  Lower  Carter,  M.A.,  F.G.S. 
Auditor  :  George  Patchett,  junior. 

Council : 


J.  T  Atkinson,  F.G.S. 
J.  E.  Bedford,  F.GS. 
J.  Ray  Eddy,  F.GS. 
P.  P.  Kendall,  F.G.S. 


A.  E.  Preston,  F.G.S. 
Richard  Re3molds,  F.C.S. 
Walter  Rowley,  F.G.S. 
John  Stubbins,  F.G.S. 


i 
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Barnsley  - 
Bradfonl  - 
Driffield  - 
Halifax 
Harrogate  - 
Hull 

Huddersfield 
Leeds 
Skiptou 
Thirsk       - 
Wakefield  - 
Wensleydalc 
York 


Prof.  A.  Liipton,  P.6.S  Thoa.  Tate,  P.6.S. 

6.  H.  Parke,  P.G.S..  P.L  S.  David  Forsyth,  D.Sc,  M.A. 

Local  Secretaries : 

T.  W.  H.  Mitchell. 

J.  R  Wilson. 

Rev.  E  Maule  Cole,  M.A  ,  F.6.S. 

W.  Simpson,  P.G.S. 

R.  Peach. 

J.  W.  Stather,  P.G.S. 

Jos.  Pield. 

J.  H.  Howarth.  P.G.S. 

J.  J.  Wilkinson. 

W.  Gr^^son,  P.G.S. 

C.  W.  Pennell.  P.G.S. 

W.  Home,  P.G.S. 

H.  M.  Platnauer.  B.Sc.,  P.G.S. 

The  following  resolution  of  regret  at  the  decease  of  Professor 
Williamson,  F.R.S.,  was  moved  by  Mr.  W.  Cash,  F.G.S.,  seconded 
by  Mr.  T.  Hick,  A.L.S.,  and  carried  : — 

**  The  Council  .and  Members  of  the  Yorkshire  Geological  and 
Polytechnic  Society  desire  to  express  their  deep  sympathy  with  Mrs. 
Crawford  Williamson  and  Family  on  the  death  of  Dr.  Wm.  Orawfonl 
Williamson,  F.H.S.,  as  well  as  their  own  sense  of  severe  loss  in  this 
the  first  gap  which  has  occurred  in  their  list  of  Honorary  Members. 
Dr.  Williamson  during  a  long  and  honourable  scientific  career  t>f 
considerably  more  than  half  a  century,  devoted  to  many  departments 
of  Natural  Science,  and  especially  to  the  study  of  Fossil  Botany, 
won  for  himself  a  scientific  position  and  name  known  and  valued 
both  at  home  and  abroad  ;  on  the  Continent  of  Europe,  in  our 
Colonies,  and  in  the  United  States  of  America.  His  magnifi- 
cent and  original  series  of  Memoirs  on  the  Carboniferous  Flora, 
which  adorn  the  Transactions  of  the  Royal  Society,  mark  the 
climax  of  his  powers,  and  will  ever  remain  a  monument  of 
scientific  industry  and  ability,  and  indeed  may  be  regarded  as  the 
pioneer  of  the  new  methods  which  have  placed  the  science  of  Palaeo- 
botany  on  a  certain  and  true  scientific  basis.     The  loss  of  the  kindly, 
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l^ial  psrsoiiality  of  Dr.  Williamson  nill  be  long  and  kwnly  Telt  in 
the  social  nnd  acientiiic  uircles  which  lio  so  lately  adorned." 

Tlie  following  resolution  of  rejfret  at  the  decease  of  Mr.  Ricliard 
Carter,  P.U.S,  was  moved  by  Mr.  R  Keynolda,  F.C.S ,  seconded 
by  Mr.  J.  Stiibbins,  F.G.S.,  and  curried  : — 

"  That  this  Society  expressas  its  sorron  at  the  removal  by  death 
of  one  of  ita  Vice-Presidents,  and  a  member  of  Council,  Mr.  Richard 
darter,  C.B,,  F.GS.  A  member  of  the  Society  since  1848,  and  of 
the  Oonncil  since  1684,  Mr.  Carter  has  been  constant  in  his  support 
daring  this  long  period.  His  zeal  for  geology,  combined  with  a 
mature  experience  of  the  history  of  the  Society  for  nearly  Iialf  a 
century,  and  the  geniality  of  his  friendship  gave  to  Mr.  Carter's 
influence  an  especial  value,  and  his  loss  is  felt  by  his  collea^es  to  be 
Twy  great." 

The  following  papers  were  then  read  : — 
"  A  Memoir  on  the  Fishes  of  the  Upper  Lias  of  Whitby."  Part  I., 

by  Arthur  Smith  Woodward,   F.L.8.,  F.G.S.,  of  the  British 

Museum  (Natural  History). 
"  On  some  Recent  Advances  in  Palieobotany,"  by  Thomas  Hick, 

B.A,  B.Sc,  A.L.S.,  of  Owens  College,  Manchester. 
"  Notes  on  the  White  Chalk  of  Yorkshire,     Part  I.  :  Its  Thickness 

and  small  Faults,"  by  (1.  W.  Lamplugh,  P.O  S.,  of  tlie  Geological 

Survey  of  England. 
"Some  Recent  Observations  on  Alpine  Glaciers,"   by   Percy    P. 

Kendall,  F.G.S.,  of  the  Yorkshire  College,  Leeds.     [Illustrated 

by  a  series  of  new  Lantern  Slides.] 
"  Notes  on  the  Malham  Dry  Valley,"  by  Thos.  Tate.  F.G.S. 
"  Notes  on  a  Coin  found  in  GrassKood,"  by  William  Fenuell. 
"  Notes  on  a  Well-boring  at  Ganstead,  near  Hidl,"  by  John  Stears. 

Votes  of  thanks  to  the  Chairman  for  presiding,  to  the  Governors 
of  the  Technical  College,  Huddersfield,  for  the  use  of  the  Hall,  and 
to  Mr.  Thorp,  the  Secretary  of  the  College,  for  his  important  assist- 
ance in  making  the  arrange uieuts,  were  passed  unanimously. 

The  members  dined  together  at  the  George  Hotel,  under  the 
pruidency  of  Arthur  Smith  Woodward,  Esq.,  F.L.S,,  F.G.S. 
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To  Balance  in  hand,  81st  October,  1894 
„  Transfer  from  Capital  Account 
,,  Subscriptions 
„  Halifax  Corporation — Interest   .. 


£ 

29  1 
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£157  1 


To  Balance,  31st  October,  1894 
„  Life  Members*  Conii)osition 
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„  Halifax  Corporation  B(md 

Capital   ... 


£ 

12 

£17 

5 
350 

£353 


To  Balance,  3l8t  October,  1S94 
„  Interest 
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£ 

12 

0 


£12 
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Audited  and  found  correct, 

GEO.  PATOHETT. 
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EuiTBD   BF  W.   LOWER  CARTER,  M,A.,   F.(! 
A»l>  WILLIAM  CASH,  P.G.S. 


NOKWHT.IAN  RHOMB-POBPIIVBIKS    IS  THE   UOLDERNESS   BOULDBB-CWTS. 
]i\-   ALFKEU   IIAKKEK,   M.A.,  F.n.S. 

(Read  October  29/h,  1896.) 
[Abstract.] 

AmoDg  the  various  rocks  of  Scandinavian  origin,  boulders  of 
which  occur  in  our  east-coaat  boulder-clays,  and  have  been  utilised 
by  Glacial  geologists  in  tracing  the  movenients  of  the  Pleistocene  ice, 
none  are  better  adapted  for  this  purpose  than  the  rhomb-porphyries. 
Not  only  have  they  a  striking  and  easily-recognized  characteristic 
in  the  peculiar  crystallographic  habit  of  their  porphyritic  felspars, 
which  causes  them  to  present  viioinbic  sections  on  a  face  of  the  rock, 
but  in  this  anil  other  peculiarities  they  arc  unique  or  almast  unique* 
among  known  rocks.  They  are  thus  among  the  few  boulders  wliich 
can  be  set  down  at  a  glance  and  without  fear  of  error  as  having 
their  source  in  a  defined  foreign  ai'ea. 

Although  this  conclusicm  seeiiis  Ixjyond  doubt,  it  may,  perhaps, 
be  thought  to  be  strengthened  by  the  cuinulatii'o  evidence  derived 
from  the  identification  among  our  boulders,   not  only  of  rhomb- 
porphyries,  but  of  particular  varieties  of  rhomb- porphyries,  which 
*  Oxann  has  described  rliomb.porphyriea  from  Texait. 
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have  been  distingaished  as  sach  in  their  Norwegian  home.  The 
occurrence  of  rhomb-porphyiy  boulders  at  Bridlington^  Dimlington, 
and  other  places  on  or  near  our  east  coast  has  long  been  known,  but 
nothing  more  than  a  cursory  notice  of  them  has  yet  appeared.  For 
a  full  description  and  comparison  we  must  wait  until  the  several 
types  liave  been  more  completely  and  systematically  described  by 
the  Norwegian  geologists :  the  only  object  of  the  present  notice  is 
to  point  out  that  the  Holdemess  boulders  comprise  more  than  one 
of  the  types  already  known  in  Norway. 

Brogger,  in  his  work  on  the  eruptive  rocks  of  the  Christiania 
basin,  regards  the  rhomb-porphyries  as  constituting  what  he  styles 
a  "  rock-series,"  that  is,  an  assemblage  of  types  referable  to  different 
families  and  exhibiting  considerable  di£brences,  but  having  well- 
marked  characters  in  common  and  occupying  similar  dassificatory 
positions  in  their  several  rock-fiunilies.  Ranging  the  several  types 
with  the  different  plutonic  rocks  of  the  district  to  which  they  belong, 
he  distinguishes : 

Plagioclase-rhomb-porphyry  corresponding  with  Olivine-Gabbro- 
Diabase  [Essexite], 

Common    rhomb-porphyry   corresponding    with    Laurvikite    or 
Augite-Syenite, 

Nepheline-rhomb-porphyry   corresponding   with    Laurdalite    or 
Nepheline-Syenite, 

Quartz-rliomb-porphyry  corresponding  witli  Nonlmarkite  or 
Quartz-Sy  en  i  te. 
The  majority  of  the  rhomb-porphyry  boulders  which  have  come 
under  my  notice  fall  under  the  second  head,  but  some  at  once 
separate  themselves  from  tlie  common  varieties.  A  specimen 
received  a  year  ago  from  Mr.  T.  Sheppard  is  an  example.  It 
shows  the  grey  or  partly  flesh-coloured  porphyritic  felspars,  vrith 
the  usual  rhomb-shaped  section  and  imperfect  outline^  set  in  an 
evidently  crystalline  ground-mass  which  marks  the  rock  as  one  of 
the  intrusive  varieties  rather  than  a  lava-flow.  The  conspicuous 
elements  of  this  ground-mass  to  the  eye  are  a  reddish  felspar  and 
a  dark  augite,  but  a  thin  slice  reveals  in  addition  a  noteworthy 
amount  of  clear  quartz.     The  manner  of  association  of  this  mineral 
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with  the  felspar,  tending  to  form  a  rude  graphic  intergrowth, 
bespeaks  a  primary  ori^pn  for  the  whole.  The  augite,  very  faintly 
coloured  in  the  thin  slices,  is  in  rounded  or  irregular  cryHtal-grains, 
which,  however,  must  belong  to  an  early  stage  of  crystallization,  for 
they  are  sometimes  enclosed  in  the  porphyritic  felspars.  This 
remark  applies  also  to  the  two  remaining  constituents,  viz.,  imperfect 
crystals  of  magnetite  and  little  hexagonal  prisms  of  apatite. 

We  clearly  have  to  do  here  with  a  quartz-rhomb-porphyry, 
a  rock  of  more  acid  composition  than  the  common  types.  A  speci- 
men  of  a  more  basic  type,  a  plagioclase- rhomb-porphyry,  I  have  also 
examined  from  the  Holderness  boulder-clay.  Doubtless  further 
search  may  be  expected  to  reveal  the  ni-phelinc-bearing  rock  too, 
and  to  add  varietal  forms  undi^r  each  of  the  four  heads  specified. 
The  student  of  igneous  rocks  in  East  Yorkshire,  while  lacking 
material  from  the  "solid"  geology  of  !iis  district,  has  an  inexhaustible 
store-house  open  tji  him  in  the  s|ioi]M  of  the  Norwegian  ice-sheet. 
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NOTS    ON    THE   YAUUM    IH    BBLATIOK    TO    THB    BOXAV    WALL    FBOH 

mmrCAflTLB  to  CARLiaLU, 
BT  THB  BBV.  B.  HAULS  OOLB,  ILA.,  F.O.8. 

(Bead  May  22nd,  1897.) 

Last  year  ProCesaor  Hughes,  of  Cambridge^  kindly  sent  me 
some  50  of  his  papers  bearing  chiefly  on  geological  subjects.  Among 
them  was  one  dealing  with  the  above-named  Vallum  from  a  British 
standpoint,  advocating  the  view  that  the  Britons  might  have 
constructed  the  Vallum  as  a  defence  against  the  Roman  invaders 
advancing  from  the  south.  This  idea  strongly  attracted  me,  for 
it  was  urged  with  ability  and  authority,  but  I  felt  that  the  point 
could  not  be  conceded  without  personal  investigation.  It  so 
happens  that  for  the  last  thirty  years  I  have  had  exceptional 
advantages  for  studying  undoubted  British  entrenchments  on  the 
Yorkshire  Wolds,  and  naturally  thought  that  the  experience  thus 
gained  would  serve  to  elucidate  the  problem.  I  therefore  suggested 
to  my  friend,  Mr.  J.  R.  Mortimer,  of  Driffield,  whose  knowledge  on 
the  subject  of  entrenchments  is  very  extensive,  that  we  should  make 
an  excursion  and  examine  a  portion,  at  least,  of  the  Vallum  with 
minds  unprejudiced  ;  thougli  I  am  bound  to  confess  that  m}'  own  views 
were  strongly  impressed  by  the  arguments  of  Professor  Hughes. 

We  started  accordingly  in  June  (1896)  and  took  up  our  abode 
at  Gilsland  Spa,  within  easy  reach  of  the  Wall,  Camps,  and  Vallum. 
We  examined  carefully  every  feature  westward  to  Hare  Hill,  near 
fjanercost,  and  eastward  to  Borcovicus  or  Housesteads,  and  took 
sections  of  the  Vallum.  What  struck  me  most  was  the  extreme 
rectilinear  line  of  the  enti-enchments  from  one  point  to  another,  so 
unlike  the  irregular  line  of  earthworks  to  be  seen  at  the  Danes' 
Dike,  Huggate  Dikes,  and  other  entrenchments  on  the  Wolds  of  the 
East  Riding.  This  was,  jKirhaps,  most  noticeable  some  half-mile 
to  the  west  of  Birdoswald,  the  Roman  station  of  Amboglanna. 
The  line  of  entrenchments  is  here  absolutely  straight,  as  if  ruled  by 
a  ruler.  Tn  this  portion  of  the  Vallum  there  is  an  additional  <iitch 
and  mound,  not  fcmnd  elsewhere,  facing  the  north ;  there  is  no 
appearance  of  a  special  defence  facing  the  south,  as  contended  for  by 
some  writers.     The  nature  of  the  ground  here  is  against  any  attack 
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from  the  south,  and  the  entrenchments  were  evidently  thrown  up 
rather  with  a  view  to  meet  assault  from  the  north  ;  but  only  at  thie 
locality;  several  Rectiona  taken  elsewhere  show  no  preference  for 
either  south  or  north.  The  general  idea  is  shown  in  the  following 
woodcut : — 


As  originally  constnicte<],  the  earthworks  exhibit  a  central  fosse, 
followed  on  either  side  by  a  level  platform  (which  is  not 
found  in  British  entrenchments)  and  enclosed  by  an  agger.  Of 
course  this  plan  has  been  greatly  altered  in  the  lapse  of  centuries, 
partly  by  natural  causes,  partly  by  artificial  ones,  such  as  the 
plough,  the  construction  of  tlie  modern  military  road,  and  quarries. 
At  one  point,  about  half-way  lietween  ^sica  (Great  Chcsters)  and 
Jl^pia  (CarvOraii),  we  noticed  a  complete  oblitemtion  of  the  Vallum 
along  the  line  of  some  ancient  tjuarries  of  sandstone,  which  gave 
us  the  impression  that  the  Uoinans  had  at  this  point  utilized  the 
sandstone  for  building  the  Wall,  and  <Iisregardcd  the  destruction  of 
the  Vallum,  which,  if  correct,  undoubtedly  suggests  that  the  Vallum 
was  older  than  the  Wall,  and  was  no  longer  considered  of  vital 
importance.  Still,  the  Vallun)  might  have  been  Roman  work,  and 
probably  was,  pure  Professor  Hughes.  The  platforms  on  either  side 
of  the  central  fosse  are  utterly  unlike  any  British  entrenchments 
wliich  exist  on  the  Yorkshire  Wolds,  and  my  humble  opinion  is  that 
(1)  the  Vallum  i,s  a  Roman  work,  not  British,  and  (2)  constructed 
at  an  earlier  date  than  tlie  Wall,  but  with  a  somewhat  similar 
design  of  forming  a  l>arri(M'  against  attack  from  south  or  north,  and 
of  offering  a  reatly  contiiiunication  between  a  line  of  military  posts. 
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THE  COMPOSITION  OF  THE  SPAR  OCCUBRIKO  IIT  MOTHKB  BHIPTOK'S  CAVE, 

KNARB8BOBOUGH. 

BY  B.  A.  BUBBELL,  F.I.a 

{Bead  Odober  lik,  1897.) 

The  occurrence  of  Strontiam  Sulphate  at  Knaresborough  had 
been  noticed  as  early  as  1811,  for  in  the  Transactions  of  the  Geo- 
logical Society,  vol.  iv.  p.  445,  we  find  an  extract  from  the  minute 
book  stating  "  that  a  letter  from  Dr.  Murray,  of  Harrogate,  to  Mr. 
Sowerby,  was  read  mentioning  that  sulphate  of  strontian  had  been 
found  on  the  banks  of  the  Nidd,  near  Knaresborough." 

The  Edinburgh  Phil.  Journal,  Jan.  1825,  vol.  xiL,  p.  178,  179, 
also  refers  to  the  same  subject.  <*  Most  of  the  native  combinations 
of  Btrontites,  have  of  late  been  found  by  Dr.  Peter  Murray  in  the 
W.  R.  of  the  County  of  York,  in  the  vicinity  of  Knaresborough. 
.  .  .  Of  the  sulphate,  three  varieties  have  been  noticed  upon  the 
Imnks  of  the  Nidd,  near  Knaresborough." 

Strontium  in  the  form  of  Carbonate  is  found  in  the  Bilton  Spa 
Water  (Attfield's  analysis),  and  the  writer  has  shown  that  it  is  also 
present  in  the  water  of  the  Dropping  Well  as  sulphate.* 

It  is  eWdent  that  Strontium  compounds  occur  to  some  consider- 
able extent  in  this  district,  and  it  seemed  to  be  an  interesting  point 
to  ascert*iiii  whether  they  were  present  in  more  than  the  very  small 
traces  which  lloscoe  states  are  U)  l)e  genei-ally  found  in  many  kinds 

of  limesUme.t 

The  analysis  of  the  spar  occurring  in  Mother  Shipton's  Cave  is 
now  submitted  as  a  first  instalment  to  the  solution  of  this  question. 
The  spar  may  be  seen  in  fissures  of  the  rock  at  the  back  of  the  cave, 
and  from  its  appearance  it  is  evidently  the  deposit  from  some  ancient 
calcareous  spring,  whose  waters  have  IxH^n  highly  charged  with 
Carbonic  Acid,  thus  enabling  them  to  dissolve  large  quantities  of 

*  Transactions  of  the  Chemical  Society,  Ma}-  1890,  vol.  69.     Proc.  Yorksh. 
Cieol.  &  Polyt.  Soc.,  vol.  xiii.,  pt.  ii.,  1896. 

tRoscoo  &  Schorlenimer.     Treatise  on  Cliuniistry,  vol.  ii.,  pt.  i.,  p.  213. 
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Calcium  Carbonate.  SmaU  pieces  are  quarried  from  time  to  time  by 
the  lessee  of  the  Mother  Shipton  Inn,  and  sold  as  deposit  from  th« 
vmler.  This  is  somewhat  misleading,  as  visitors  naturally  expect  it 
to  be  the  deposit  from  the  Dropping  Well  water.  The  spar  is 
crystalline,  of  a  rich  brown  colour,  very  hard,  and  takes  a  fine  polish. 
100  parts  of  the  air-dried  spar  contain : — * 

Silica  (SiO,)  0037 

PhoKphoric  Acid  (PA) 0005 

Sulphuric  Acid  (SO,)       2-331 

Carbonic  Acid  (CO^       42-170 

Calcium  Oxide  (CaO)       55-038 

Magnesium  Oxide  (MgO)  ...         0-190 

Strontium  Oxide  (SrO) 0-128 

Manganic  Oxide  (Mn,0^)  ...        0019 

Terric  Oxide  (Fe.O,)        0'006 

AlkalicH,  ic traces. 

These  constituents  may  1>e  combined  i: 


Silica  

Calcium  Carbonate 
Calcium  Sulphate 
Strontium  Sulphate 
Magneniuni  Carbonate 
Oxide  of  Manganese 
Ferric  Phosphate... 
Alkalies,  Jrc.  {by  diff.) 


»  follows  : — 
0037 

.  95-494 
3-793 
0-227 
0-397 
0-019 
0.010 
0-023 

100-000 


The  spar  is  therefoi-o  mainly  composed  of  Calcium  Carbonate, 
with  about  three  and  thrce-ciuarti-rs  per  cfnt.  of  Calcium  Sulphatt', 
and  nearly  one  quarter  per  cent,  of  Htruntium  Sulphate. 

•Th«  atomic  wciglil^  imwl  aru  tii<.«.-  givc-ii  in  (;1i>«i-h  A  Colenmn'n 
Quantitative  Aiislysin,   lSi)4. 
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A  8UX1IABT  OF  WHAT  U  KMOWN  OF  THK  BO-GALLID  ^'  DAUBS'  ORAVEI," 

KSAE  DBIFFIBLD. 
BY  J.  B.  MOBTIMBB,  DBIFFIBLD. 

Bead  Oeiober  Itk,  1897. 

The  fbUowing  is  a  Bumiiuury,  so  lur  as  I  have  been  able  to 
gather,  of  what  has  been  written  and  what  is  known  respecting  this 
group  of  burial  mounds. 

These  mounds,  covered  by  the  trees  of  an  old  plantation,  may 
be  seen  in  a  little  valley  within  the  boundaries  of  the  Lordships 
of  Driffield  and  Kilham,  in  the  East  Riding  of  Yorkshire,  nearly 
four  miles  due  north  of  Driffield. 

They  measure  from  1  ft  to  3^  ft.  in  height  and  9  ft.  to  33  ft 
in  diameter.  The  place  has  from  time  immemorial  been  called 
"  Danes'  Graves  "  and  "  Danesdale."  Some  accounts  say  there  were 
originally  500  at  least  of  these  mounds ;  but  on  the  Ordnance  Map 
197  is  the  number  given.  Their  comparative  preservation  seems  to 
be  due  entirely  to  the  protection  afforded  by  the  old  trees  growing 
on  them.  Very  probably  they  once  extended,  on  two  sides  at  leasts 
beyond  the  boundary  of  the  planta.tion  into  the  adjoining  fields,  but 
there  the  plough  has  obliterated  all  surface  trace  of  tliem.  Many  of 
them  within  the  plantation  have  been  more  or  less  levelled,  and 
some  wholly  obliterated  by  persons  digging  for  rabbits  ;  while  others 
ha^  e  been  frequently  excavated  at  various  periods  by  relic  seekers 
and  the  otherwise  curious,  who  have  left  no  authentic  account  of 
their  iinds. 

1.  The  first  written  record  respecting  these  barrows  is  given 
by  Leland  more  than  300  years  ago.  He  says :  "  Adjacent  to 
Driffield  there  is  a  field  called  the  *  Danish  Field,'  observable  for 
the  many  mounds  of  the  slain  ;  and  there  is  a  current  report  that, 
by  the  chance  of  war,  a  king  fell  on  that  field,  whilst  the  tyranny  of 
the  Danes  raged  in  those  times." 

TI.  The  next  notice  of  them  w^liich  I  possess  is  by  Sir  William 
Dugdale,  in  1G6G,  who  saw  these  mounds  and  in  his  Book  of  Arms 
in  the  Heralds'  College  makes  the  following  note  of  them  : — 


MORTIMER:    SUMMARY   OF  BO-CALLED    "DANES'   GRAVES."        287 

"Memorandum — that  about  two  miles  south-westwards  of 
Kilham,  on  the  Wolds,  at  the  skirt  of  the  rising  ground,  are  divers 
heaps  of  earth  to  be  seen,  most  of  which  are  not  above  three  foo'te 
in  depth  to  the  level  of  the  earth,  and  some  hardly  so  much,  the 
distance  of  them  from  each  other  being  in  divers  places  not  above 
four  foote,  and  in  some  about  six.  They  are  many  in  number  [300 
at  least  as  I  ghesse]  and  of  various  biggness,  being  by  the  country 
people  called  *  Danes'  Graves ' ;  so  that  there  is  no  doubt  but  that 
they  did  cover  the  bodies  of  such  as  were  slain  in  wharre  there.  In 
other  parts  of  the  country  are  also  here  and  there  one,  but  of 
a  much  greater  magnitude." 

III.  The  following  passage  in  Gibson  Camden's  Brittanico, 
published  in  1695,  page  738,  probably  alludes  to  "Danes'  Graves" : 
"  Somewhat  more  eastwards  the  River  Hull  runs  into  the  Humber ; 
the  rise  of  it  is  near  a  village  called  Driffield,  remarkable  for  the 
monument  of  Alfred,  the  most  learned  King  of  the  Northumbrians  ; 
and  likewise  for  the  many  barrows  raised  hereabouts." 

IV.  The  following  is  an  extract  from  the  Kilham  Parish 
R<»gister,  15th  May,  1721  : — "That  on  the  day  and  year  above  said 
we,  the  Vicar  and  twenty  horsemen,  who  were  beating  the  bounds, 
began  our  perambulations  on  the  west  side  of  Pockthorpe,  and  in 
our  procession  we  came  nigh  the  Danes'  Graves,  in  Driffield  Field, 
where  out  of  curiosity  we  caused  a  man  to  dig  in  one  of  the  said 
graves.  When  digging,  we  found  a  large  thigh  bone,  one  leg  bone, 
and  one  skull,  of  no  extraoixlinary  size,  with  several  other  bones. — 
Signed,  Thomas  Prickett,  Vicar." 

V.  In  a  letter  from  Mr.  Thouias  Knowlton  to  Mr.  Mark 
Catesby,  F.R.S.,  concerning  the  situation  of  the  ancient  town 
Delgovicia,  occurs  the  following  note  : — 

"  Tx)ndisburgh,  Sept.  1745." 
"Within  a  mile  and  a  half  of  Kilham  is  a  place  called  Danes' 
Graves,  near  which,  it  is  supposed,  was  fought  a  great  battle,  in 
which  infinite  numbers  fell ;  and  so  were  laid  in  heaps  and  covered 
with  the  chalky  soil  in  little  tumuli,  of  the  quantity  of  two  or  three 
square  yards;  in  which,  if  o})erie(l,  one  may  find  great  (juantities  of 
human  bones,  though,  at  this  distance  of  time,  I  believe  there  is  not 
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less  than  an  acre  of  g^round  covered  over  with  them,  joming  close  to 
each  other ;  and  it  is  one  of  the  greatest  curiosities  of  antiquity,  in 
my  opinion,  I  have  ever  seen ;  I  am  determined  one  day  to  go  and 
number  them,  and  to  measure  the  quantity  of  land  thej  cover.'' 

VI.  Mr.  Allott,  Rector  of  Kirkheaton,  says: — "At  a  place 
called  Kilham,  near  Bridlington  or  Burlington  Bay,  wm  a  battle 
fought,  and  there  are  many  tumuli  or  graves";  and  asking  some 
persons  who  were  stubbing  whins  or  gorse,  they  told  him  there  was 
one  under  the  whins,  and  several  round  about  him.  He  says 
further,  **  that  many  are  sunk  level  with  the  g^round,  but  by  what 
remains  he  supposes  there  were  twenty  thousand  slain.  ''There 
are  axe-heads,  spears'-heads,  etc.,  constantly  dug  up  in  opnung 
them."* 

*'  A  stone  is  set  up  on  high  [at  Rudstone]  as  a  steeple,  which 
no  engines  now  used  could  raise.  It  is  supposed  to  be  set  up  by  the 
Danes  in  a  line  between  the  field  of  battle  and  Burlington  Hill, 
where  their  camp  is  yet  to  be  seen  very  perfect."t 

Bronze  Armlet  from  Danes*  Graves. 

VII.  Dr.  Thurnham  drew  the  attention  of  the  meeting  J  to 
a  bronze  Arniilla  (plate  xli.)  in  the  Ashmolean  Museum,  presented 
Oct<)l)er,  1830,  by  the  Rev.  W.  Drake,  of  Broomfield  House, 
Northallerton,  by  whom  it  was  exhumed  from  one  of  the  remark- 
able group  of  biirrows  near  Driffield,  East  Riding  of  Yorkshire, 
commonly  known  as  the  Danes'  Gravels.  Mr.  Drake  stated  that  the 
skeleton  in  this  barrow — which,  like  the  rest,  was  of  very  small 
elevation — was  lying  with  the  feet  to  the  east.  Under  the  skull 
was  a  large  stone  described  as  of  blue  granite,  and  within  it  "the 
constituent  parts  of  an  iron  comb."  With  the  skeleton  was  the 
bronze  Armilla  here  figured,  and  the  fragments  of  another  of  highly- 
polished  jet  encircling  the  radius  and  ulna  of  the  left  arm.  The 
fragments  of  jet  were  not  preserved.  The  ornamentation  of  the 
Armilla  found  near  Drillield  is  of  a  peculiar  and  rude  kind,  and  is 

*  Recent  researches  do  not  bear  out  the  finding  of  axe-heads  and  spear- 
heads.— J.K.Al. 

t  Thomas  Bateman,  '*  Ten  Years'  Diggings,"  p.  251. 
X  Archieological  Journal,  vol.  xvi.,  p.  83. 
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confined  to  the  exterior,  the  inner  surface  being  smooth  and  plain. 
The  style  assimilates  somewhat  to  that  of  a  gold  armlet  in  the 
Copenhagen  Museum,  figured  in  Wasaie's  "  Afbildninger,"  fig.  302. 

VIII.  Mr.  John  Browne,  of  Bridlington  Quay,  has  favoured 
me  with  the  following  account: — "In  1834,  Mr.  John  Milner,  of 
Kilham,  Dr.  Andrew  Allinson,  and  a  party  of  others,  opened  one  of 
the  largest*  of  the  tumuli  in  a  group.  After  exploring  some  time 
without  success  they  turned  to  the  outer  aide,  when  they  came  upon 
a  full-sized  skeleton,  which  was  complete,  with  the  exception  of  the 
feet,  which  were  wanting.  (The  pehas  gave  indication  of  its  being 
that  of  a  female.)  The  vertebra  seemed  for  the  most  part  to  be 
anculosed,  and  the  femora  and  other  bones  showed  it  to  be  the 
skeleton  of  a  female.  In  another  tumulus  a  small  Urn  was  turned 
up,  but  it  was  broken  by  the  spade  of  the  digger.  It  contained 
a  quantity  of  fine  black  mould.  Another  of  the  skeletons  turned  up 
was  also  of  large  proportions.  In  the  skull  was  a  hole,  which  had 
undoubtedly  been  made  during  life ;  and  on  the  leg  bone  was  a  cut 
from  a  sharp  instrument,  which  appeared  to  have  also  been  made 
during  life.  Various  other  "  diggins  "  have  been  made  by  several 
other  persons,  especially  by  a  man  named  Jesse  Wc)o<l,  of  Langtoft. 
He  possessed  a  considerable  collection  of  articles  which  he  found, 
but  I  am  unable  to  say  what  l)ecame  of  them."  t 

IX.  I  give  an  account  by  W.  Proctor,  M.ll.C.S.,  of  the 
opening  of  six  of  these  mounds  by  the  Yorkshire  Antiquarian  Club, 
in  1849. 

"  Near  the  east  edge  of  the  "  Yorkshire  Chalk  "  Wolds,  three 
miles  north  of  Driffield,  is  a  secluded  spot  of  woody  ground, 
measuring  four  acres,  covered  with  tumuli  of  small  size  and  slight 
elevation,  so  closely  arranged  as  not  to  leave  mon*  than  3  ft.  to  6  ft. 
between  any  two  of  them.  The  form  is  circular,  with  an  average 
diameter  of  18  ft.,  and  an  elevation  from  2  ft.  to  3  ft. 

"In  August,  1849,  six  of  the  tumuli  were  opi»ned.  Each  was 
found  to  consist  of  the  chalk  of  the  district,  mixed  with  a  small 


*  Probably   this   is   No.    11    of  the  mounds  opened  in  July,    1897,   and 
described  in  Part  2,  later  on. — J.R.M. 

■f  Probably  some  of  these  may  yet  l)e  in  existence. 
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proportion  of  earth.  A  few  acattered  nodules  of  the  deoompoeed 
iron  pyrites,  which  occur  in  the  chalk,  were  alao  fbiuuL  In  the 
centre  of  the  first  tumulns  was  a  skeleton,  having  the  head  to  the 
north  and  the  feet  to  the  south ;  it  was  laid  on  the  face,  with  the 
limbs  doubled  beneath  the  trunk;*  the  bones  of  the  arms,  forearms, 
and  of  the  legs  and  thighs,  were  found  side  hj  side ;  the  hands  and 
face,  elbows  and  knees,  and  the  feet  uid  hips  being  severally  in 
contact.  Close  to  the  skull  were  the  firagmeats  of  a  vessel  of  rude 
earthenware  about  a  pint  in  capacity.  It  is  of  a  grey  colour,  and  is 
composed  of  clay  with  numerous  frasments  of  chalk  and  calcareous 
sparHt  is  of  cylindriod  forn,  ,^  tow«d.  the  nH>«th,  with 
a  projecting  rim  at  the  bottom.  It  had  been  imperfectly  baked, 
and  probably  made  on  the  wheeLt  In  Na  2  was  a  skeleton  laid  in 
the  same  position  and  direction  as  the  preceding  skeleton. 

"Close  to  the  skull  was  a  broken  Urn  of  the  same  general 
character  and  composition  as  the  former  example,  except  being  of 
a  black  colour  and  very  fragile.  Its  shape  seems  to  have  been 
somewhat  globular.  On  opening  No.  3,  a  skeleton  only  was  found 
in  the  same  contracted  position,  with  the  liead  to  the  south-west, 
and  the  feet  to  the  north  north-east,  lying  on  the  left  side  with  the 
face  to  the  west. 

"  In  the  fourth  tumulus  a  skeleton  was  discovered,  placed  in 
a  directly  opposite  position  to  No.  3,  \4z.,  with  the  head  to  the 
north  north-west,  and  facing  the  west.  A  second  skeleton  lying  in 
tlie  same  contracted  position  on  the  right  side,  with  the  head  to  the 
north  and  face  to  the  we.st,  was  met  with.  Besides  a  piece  of  iron, 
much  corn^lefl,  of  a  flat  and  semi-circular  form,  beneath  the  body, 
no  other  remains  were  seen.  The  sixth  barrow  was  a  large  one,  J 
5  ft.  high  and  25  ft.  in  diameter. 

"After  a  most  careful  examination  no  vestige  of  interment  or 
other  deposit  could  be  found."  j^ 

*  Tills  ia  also  a  mode  of  burial  o<;(^asionally  ohscrved  in  the  raoru  ancient 
Ikitish  tunmli.  t  More  probaMy  not. — J.  K.M. 

*  This  might  ho  No.  13  of  the  mounds  opened  in  July,  1897,  and  the  one 
in  wliich  the  Chariot  was  found. — .T.R.M. 

jiTho  ProoecKlings  of  the  Yorkshire  Antiquarian  Club,  IStH. 
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X.  On  April  2nd,  1894,  Mr.  Thomas  Dowson,  of  Pickering, 
informed  me  that  he  accompanied  the  late  Mr.  Thomas  Kendal,  of 
Pickering,  to  "Danes'  Graves"  in  1849  or  '50,  and  that  they  then 
opened  three  of  the  mounds.  In  each  they  found  a  body,  accom- 
panied by  pieces  of  rusted  iron ;  but  he  did  not  remember  anything 
else  having  been  found,  and  Mr.  Kendal  seems  to  have  kept  no 
record. 

My  first  visit  to  these  graves  was  in  1860,  and  I  found  in  the 
hedge  bottom  near  the  mounds  a  rudely-formed  top-stone  of  a  hand- 
mill.  On  the  grinding  face  of  this  stone  are  a  series  of  concentric 
lines  scratched  into  it,  reaching  from  the  centre  to  the  circumference  ; 
whilst  the  two  oval  holes  for  inserting  the  handles  have  been 
punched  or  picked  into  the  stone,  iwt  drilled  into  it,  as  are  the 
holes  in  all  the  other  mill-stones  I  possess. 

XI.  The  following  and  most  complete  account  is  by  Canun 
Greenwell,  in  the  Archieological  Journal,  vol.  xxii.,  which  I  beg 
permission  to  repeat. 

"The  barrows  next  examined  [BJ  lie  a  little  Ix^ond  the  district 
which  we  have  been  considering. 

"  They  are  found  in  a  hollow  in  the  chalk  hills  of  the  Wolds, 
about  four  miles  north  of  Driffield.  They  are  called  the  "Danes' 
Graves,"  and  number  nearly  200,*  \y'in^  close  together  in  a  wo(k1. 
Several  were  opened  a  few  years  a;;o  by  the  Yorkshire  Antiquarian 
Society  [Club],  but  the  greater  number  have  been  destroyed  in 
dig'fini'  for  rabbits.  T  examined  fourteen  of  these  barrows  on 
March  27th  and  28th,  1864.  They  are  all  small,  from  16  ft.  to 
24  ft.  in  diameter,  and  from  2  ft.  to  4  ft.  in  height,  and  are  fornunl 
of  chalk  rubble,  the  material  at  hand.  The  interment,  in  every  one 
which  I  examined,  as  T  believe  was  the  Ctase  in  those  previously 
oj)ened,  was  contiiined  in  an  oblong  hollow  made  in  the  natural 
surface,  and  the  bodies  appear  to  have  been  laid  therein  without 
coffins. 

**  As  all  the  interments  were,  except  in  some  unimportant 
particulars,  similar,  T  will  give  the  general  character  of  the  burial, 

*  Before  the  Wolds  were  enclosed  a  great  many  more  exiatcnl ;  it  is  stated 
that  there  were,  original!}',  as  many  as  500. 
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ri'-'inj:  -<j',i  i  ,ii<-i\  tlio-.-  wlndi  I'lc-ciilc*!  aiiv  t'.\cr|>ti<iiial  tratinf-. 
The  IhHiit'.s  wnv  douljlod  u]>,  so  as  to  suggest  that  they  must  haAe 
been  tightly  swathed,  in  order  to  bring  them  into  the  required 
shape ;  the  hands  were  placed  upon  the  chin,  the  bodies  were  laid, 
some  on  the  left  side,  some  on  the  right;*  of  those  which  were 
sutliciently  perfect  to  determine  this,  six  were  on  the  left  and  five 
on  the  right  side ;  and  whilst  seven  had  the  head  to  the  north,  or  to 
the  west  or  east  of  north,  two  had  the  head  to  the  south-west,  one 
to  the  west,  and  one  to  the  east.  In  one  instance  two  bodies  were 
interred  in  the  same  barrow ;  the  first — that  of  a  child  about  five 
years  old — just  below  the  summit  of  the  mound  ;  the  second — that 
of  an  old  person,  and  judging  from  the  imperfect  pelvic  bones,  most 
probably  a  male — in  the  usual  hollow  made  in  the  natural  surface 
of  the  ground.  Tn  three  of  the  graves  an  Urn  had  been  placed 
close  behind  the  head ;  these  Urns,  however,  were  so  much  decayed 
that  the  shape  can  scarcely  be  ascertained.  They  are  quite  plain, 
pale,  gray-coloured  on  the  exterior,  but  of  a  dark-coloured  ware  in 
the  middle,  full  of  small  pieces  of  stone.  These  Urns  are  well 
formed  by  the  hand,  with  the  lip  slightly  turned  over,  and  they 
measure  a  little  under  5  in.  in  height.  The  most  remarkable 
interment  [C]  was  that  of  a  man  laid  upon  his  right  side,  with 
his  head  Uj  the  west ;  lying  close  to  the  mouth — so  close  that  some 
of  the  teeth  are  discoloured  by  the  oxidation  of  the  metal — was 
a  piece  of  iron,  too  much  corroded  to  assign  any  certain  use  to  it 
[see  wo<Kleut,  li<^'.  1,  half  original  sizej.f  On  each  side  of  the  man 
were;  placed  two  goats,  their  heads,  like  his,  to  the  west.  The 
occurrence  of  a  goat  with  an  interment  is  exceedingly  rare ;  we  have 
numerous  instances  where  a  horse,  ox,  deer,  boar,  or  dog  has  been 
buried  with  a  man,  but  except  this  at  Danesdale,  I  have  only  known 
of  two  other  cases  where  a  goat  has  been  found  associated  with 
a  burial.:):     In  the  almost  entire  absence  of  weapons  or  implements 

*  Of  five  l)o<lics  discovenHl,  when  the  examination  hy  the  Yorkshire 
Anti(iuarian  Club  took  ])lace,  two  liad  heen  laid  upon  the  face. 

1"  See  (Janon  (Jreenwell's  paper  in  tlie  Archieological  Journal,  vol.  xxii. 

X  In  a  l)arrow  six  miles  north  of  Pickering  was  a  cist,  in  which  wjvs  found 
a  skeleton,  where,  along  with  several  flints,  was  deposited  near  the  head  of 
the  man  a  liead  of  a  goat.      Bateman's  "Ten  Years,*'  Diggings,  p.  223.     At 
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in  these  barrows  it  is  difficult  to  arrive  at  any  conclusion  ae  to  the 
period  of  their  erection,  or  the  people  by  whom  they  were  mode. 
The  name  "  Dane's  Graves  "  cannot,  I  think,  be  taken  as  proof  of 
their  Danish  origin,  for  that  designation  has  been  frequently 
applied  to  camps,  lines  of  entrenchment,  and  barrows,*  which  have 
ceriuinly  no  connection  with  that  people.  The  cruelties  practised 
by  the  Danes  seem  to  have  made  so  strong  an  impression,  that  the 
people  who  suffered  by  them  appear,  sometimes,  to  have  called 
certain  works  of  unknown  origin  after  the  names  of  their  oppressors, 
just  as  similar  remains  are  named  after  the  Devil  At  the  same 
time,  some  weight  must  be  allowed  to  the  popular  tradition,  and  if 
nothing  about  the  grave-hills  is  inconsistent  with  a  Scandinavian 
origin,  it  is  only  fair  to  admit  the  probability  of  tlieir  being  the 
burial  mounds  of  some  Danish  settlers."! 

Canon  Oreenwell  adds : — "  My  own  opinion  is  against  the 
Scandinavian  origin.  The  mode  of  interment  is  unlike  any  which 
has  been  found  in  Denmark,  Norway,  or  Sweden ;  I  do  not  make 
this  as.sertion  upon  my  own  authority,  but  on  that  of  Mr.  C.  F. 
Herbst,  of  Copenhagen,  the  Scandinavian  archieologist,  to  whom  my 
not«s  of  these  barrows  were  submitted.  The  pottery,  also,  is  not 
such  OS  is  found  in  Danish  grave-mounds,  either  in  sliape  or  fabric. 
On  the  other  hand,  if  we  attribute  these  mounds  to  a  tribe  of 
kindred  origin  with  those  who  buried  under  the  ordinary  round 
barrows,  we  are  met  by  more  than  one  difficulty.  The  bodies  in  the 
'  Danes'  Graves '  had  been  interred  in  a  nmch  more  contracted 
position  than  is  usual  in  the  British  burials.  The  great  numl>er  of 
these  barrows,  and  their  ckise  grouping  are  also  peculiar  features ; 
for  though  two  or  more  *  British '  grave-hills  are  fre(|uently  found 

Therfield,  near  Biijaton,  with  the  reinuiiiB  of  other  Bniinals,  were  foim<l  in 
a  barrow  two  trania,  which  Prof.  Diickutt  considcre<l  to  be  thowi  of  goBt*. 
Proc.   of   tlie  Society  of   AutiquaricB,  2nd    aeries,   vol.   i.,  p.  306.— Camin 

'The  "  I>aiiioB'  Hills,''  near  Skipwitli,  iti  the  Kast  Riding,  arv  liairowR 
which  coQtain  iiitermenta  of  burnt  bodii-H  having  nothing  in  common  with  what 
wo  know  of  Dauish  iuternionls. — Canon  Gkeenwkt.i.. 

tThe  buriaU  are  thosu  of  a  settled  population  and  not  of  any  mere 
invadcFH.  This  is  indicated  by  the  nuni1>er  of  the  harrows,  mid  the  frequency 
o(  the  interments  of  women,  as  well  as  that  of  a  chiUi.— Cason  ttHKHNWEU.. 
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together,  thej  are  never  manned  like  graves  in  a  chnrchyaid,  as 
at  the  'Danes'  Graves.'  The  crania,  as  will  be  seen  from  Dr. 
Thnmam's  acconnt  on  the  next  page  [which  gives  an  average 
breadth-indez  of  *73]  are  not  of  the  Brachycephalic  typCi  so  dis- 
tinctive of  those  found  in  the  round  barrows  and  stone  cists,  but 
approach  nearer  to  the  long  Scandinavian  type;  a  fact  of  great 
importance,  when  the  number  of  skulls  examined  is  considered. 

"  The  pottery  is  neither  in  shape  nor  colour  like  that  oi  which 
so  many  specimens  are  described  in  this  memoir  [referring  to 
*'  Ancient  British  Pottery  *]  and  it  also  differs  from  it  in  the  absence 
of  ornamentation ;  but  it  is  still  more  unlike  Scandinavian  or  Anglo- 
Saxon  ware.  The  presence  of  iron  indicates  a  comparatively  late 
period;  but  the  nature  of  the  objects  found,  whether  of  iron  or 
bronze,  give  little,  if  any,  clue  to  the  origin  of  these  barrows. 
I,  therefore,  prefer,  in  the  absence  of  any  distinctive  data,  to  oflfer 
no  conjecture  as  to  the  people  to  whom  these  burials  belong,  nor  do 
I  think  that  further  examination  would  add  much  information  to 
that  which  we  already  possess."  Thus  concludes  Canon  GreenwelFs 
report. 

Not  concurring  with  the  Canon's  closing  remarks,  and  believing; 
that  a  further  careful  search,  in  some  of  the  few  mounds  which  have 
not  yet  been  disturbed,  would  now  greatly  aid  us  in  adding  some- 
thing more  to  the  very  little  we  at  present  know  of  this  very 
interesting  and  extensive  group  of  barrows,  I  wrote  to  W.  H. 
Harrison  Broadley,  Esq.,  M.P.,  asking  permission  to  open  two  or 
three  of  them,  thinking  that  prolmbly  it  would  enable  us  to  make 
out  approximately  the  period  when  the  mounds  were  raised,  and 
also  something  more  of  the  small  community  which  must  have 
been,  as  suggoste^i  by  Canon  Greenwell,  in  (juiet  possession  of  the 
neighbourhood  for  a  considerable  time.  I  regret  to  say  that 
I  received  the  following  rej^ly  : — 

".Welton,  Brough,  Feb.  6th,  1871." 

"  Sir, — T  am  very  sorry  indeed  that  I  cannot  comply  with  the 
re(|uost  you  have  made,  for  these  reasons.  First,  the  *  Danes* 
Graves'  on  Mr.  Allanson's  farm  at  Uanesdale,  and  also  on  Mr. 
Gofton's  at  Pockthorpe,  if  there  are  any  there,  have  been  so 
freijuently  and  so  thoroughly  examined  that  there  can  })e  nothing 
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left  to  difloover;  and,  aeoondly,  I  am  obliged  to  say  that  the 
investigations  have  been  conducted  so  recklessly,  so  carelessly,  and 
even  so  indecently — the  graves  were  not  even  filled  up  again — ^that 
I  have  determined  not  to  sgain  allow  them  to  be  disturbed.  In  the 
Museum  at  York  you  will  find  various  articles  that  have  been  found. 
I  myself  do  not  possess  one,  they  have  all  been  taken  away,  or 
I  would  send  them  for  your  inspection,  if  you  wished  it, 

*'  Believe  me  to  be, 

"  Yours  faithfully, 

'<W.  H.  Habrison-Bboadlet." 

Though  the  hacked  appearance  of  the  mounds  showed  much 
cause  for  Mr.  Broadley's  complaint,  I  was  sony  not  to  be  permitted 
to  make  further  search.  However,  since  then,  natural  causes  have 
given  me  some  assistance. 

On  October  20th,  1881,  the  hite  Mr.  Henry  Kingston,  who 
occupied  the  farm  nearest  to  "Danes'  Graves,"  informed  me  that  the 
high  wind  of  the  previous  Friday  had  uprooted  a  large  quantity  of 
trees  in  the  "  Danes'  Graves  "  Plantation ;  some  of  which  had  torn 
up  the  ground  sufficiently  to  expose  interments.  On  the  following 
day  [the  21st  October],  in  company  with  Dr.  Wood,  of  Driffield, 
I  visited  the  place  and  its  surroundings,  and  we  observed  that 
a  double  line  of  British  entrenchments  ran  along  the  northern 
margin,  extending  for  miles  both  in  an  eastern  and  a  western 
direction  from  the  graves.  We  also  noticed  that  the  southern  side 
of  the  hollow  "  Danesdale  "  which  the  graves  occupy  was  covered 
with  an  accumulation  of  un-water-worn  chalk  gravel,  which  gravel 
does  not  extend  to  the  opposite  side  of  the  dale. 

The  uprooting  of  the  trees  was  mainly  confined  to  the  gravelly 
area ;  those  growing  on  the  chalk  rock  on  the  north  side  of  the  dale 
having  for  the  most  part  resisted  the  violence  of  the  wind.  The 
first  exposure  which  had  attracted  Mr.  Kingston's  notice  was 
a  calvarium  pulled  up  by  the  roots  of  a  tree  which  had  grown 
on  the  apex  of  one  of  the  mounds.  Through  the  kindness  of 
Mr.  Kingston  I  possess  this  calvarium.  It  is  long  and  narrow,  with 
a  breadth-index  of  '69,  and  altogether  of  small  size,  and  apparently 
belonged  to  a  female. 
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The  broken  long  bones  were  also  small.  The  barrow  which 
covered  this  interment  was  not  more  than  15  ft.  in  diameter  and 
24  in.  high ;  and  the  body  seemed  to  have  been  placed  a  very  little 
below  its  base.  On  the  following  Wednesday  [October  26th] 
I  employed  an  experienced  digger,  who,  with  the  assistance  of 
Mr.  Kingston,  junior,  carefully  explored  the  ground  whence  the 
calvorium  had  come,  but  as  most  of  the  long  bones  had  been 
removed,  the  position  of  the  interment  could  not  be  made  out ;  no 
relic  was  found. 

The  uprooting  of  another  tree  had,  however,  exposed  the  feet 
of  a  second  body.  Here  also  we  carefully  examined  the  ground 
beneath,  and  were  able,  fortunately,  to  make  out  its  position. 

This  body  was  also  near  the  centre  of  a  small  mound  about  the 
size  of  the  last,  and  not  more  than  3J^  ft.  deep  from  the  top  of  the 
mound.  It  lay  on  its  left  side,  leg  much  pulled  up,  left  arm  down 
by  the  side  with  hand  on  pelvis,  the  right  arm  was  over  the  body 
with  hand  on  left  arm.  Its  head  was  to  the  west.  Near  the  right  leg 
were  the  humerus  of  a  small  pig,  or  goat,  and  portions  of  a  crushed 
food  vase,  which  also  had  a  splayed  bottom  (plate  xlii.),  other 
portions  of  which  lay  near  the  right  arm,  and  seemed  to  have  been 
removed  by  rabbits  burrowing  in  the  mound.  Otherwise,  the  body 
was  undisturbed  and  in  fairly  sound  condition.  The  skull,  which 
was  crushed,  has  been  put  up,  and  seerns  to  be  that  of  a  male  of 
about  35  years  of  ^e,  with  a  cephalic- index  also  of  "69.  The 
forehead  is  low  and  the  superciliary  ridges  well  developed.  The 
femur  measures  'I'J,  tibia  "IJj,  and  the  humerus  '121,  and  they 
are  of  rather  slender  substance.  Eleven  other  crania  from  these 
graves  [obtained  by  the  Yorbshii-e  Anti<)uarian  Club  and  by  Canon 
Greenwell]  give  an  average  breadth-index  of  about  '73*,  which 
shows  them  to  belong  to  a  deciileilly  long-headed  type.  The  vase^ 
the  upper  part  of  which  is  wanting^ — is  liand-made,  <(uite  plain,  of 
a  coarse,  dark  texture  throughout,  containing  pai-ticles  of  pounded 
quartz  and  flint,  and  has  been  tolerably  well  baked.  It  has  a  broad, 
flat,  and  very  thin  bottom,  anil  is  ^■e^y  unlike  any  I  have  ever  found 
with  a  true  British  interment  in  the  lai'ge  barrows  on  the  Wolds. 
It  rather  resembles  a  rude  kind  of  dark  Roman,  or  Romano- British 
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veaael  than  any  other  kind  with  which  I  am  acquainted.    No  other 
relic  was  found. 

It  is  to  be  deeply  regretted  that  more  is  not  known  of  this 
extensive  and  almost  uniqne  group  d  barrows,  and  the  distinctly- 
marked  ccMnmunity  oi  men  [as  shown  by  the  crania]  who  raised 
them. 

The  plantation,  which  now  protects  the  mounds,  is  an  old  one, 
and  the  trees  of  which  it  consists  are  likely,  before  long»  to  be  cut 
down,  and  the  mounds  left  to  the  mercy  of  the  plough ;  a  little  time 
will  then  suiOice  to  remove  all  trace  of  their  whereaboute,  and  make 
research  almost  impossible.  Before  this  happens  a  further  exami- 
nation, conducted  under  experienced  supervision,  is  most 
indeed,  it  is  an  imperative  duty  demanded  by  archnology. 

*  See  the  Journal  of  the  Archnological  Institute,  voL  xzii.,  p.  864 
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BY   THE   REV.    E.    MAULE   COLE,   M.A.,    F.O.S. 

The  collection  of  tumuli,  known  as  Danes'  Graves,  occur  on  the 
Wolds,  at  the  junction  of  three  parishes — Great  Driffield,  Nafferton, 
and  Kilham.  They  are  actually  in  the  parish  of  Great  Driffield, 
though  in  some  reports  they  are  described  as  being  in  the  parish 
of  Kilham.  They  are  situate  immediately  to  the  south  of 
a  line  of  entrenchments  which,  roughly  speaking,  extends  from 
Flamborough  Head  to  Garrowby  Hill  top.  This  line  of  entrench- 
ments is  remarkable  for  the  fact  that  it  forms  the  boundaries  of  all 
parishes  from  York  to  Flamborough.  It  is  more  or  less  sinuous, 
and,  in  all  probability,  marks  the  track  of  an  ancient  British  way 
from  Eburac  (our  modern  York)  to  the  coast.  It  may  have  been 
utilized  by  the  Romans  after  their  conquest  of  the  country,  as  there 
is  evidence  (obtained  by  my  friend,  Mr.  J.  R.  Mortimer)  of  a  Roman- 
British  cemetery  on  both  sides  of  the  road,  in  the  parish  of  Wetwang- 
with-Fimber,  but  I  think  that  the  Romans  constructed  another  road 
in  the  rear,  at  a  higher  elevation,  from  Fridaythorpe,  through 
Sledmere  and  Octon  to  Bridlington  Bay,  known  as  the  High  Street. 
The  site  of  Pretorium,  mentioned  in  the  itinerary  of  Antonine,  has 
long  been  a  matter  of  disputt>,  and  is  so  still,  but  when  it  is  con- 
sidered that  the  Romans  would  probably  wish  to  have  access  by  sea 
to  such  an  important  place  as  Eburacum,  then  the  capital  of 
Britannia,  it  is  not  improlmble  that  they  would  select  the  shortest 
land  route,  to  which  an  ancient  British  way  already  pointed.  The 
ilestruction  of  the  boulder-clay  cliffs  to  the  south  of  Flamborough 
Head,  which,  since  the  Roman  occupation,  has  resulted  in  a  loss  of 
some  two  miles  of  coast-line,  will  account  for  the  fact  that  we  are 
unable  to  point  out  the  site  of  the  lost  Pretorium.  Like  some 
antiquaries,  with  little  knowledge  of  the  district,  it  is  "all  at  sea." 

One  thing  is  almost  certain — which  I  have  often  insisted  on  in 
various  papers — that  the  Romans  would  never  dream  of  rounding 
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the  terrible  headland  of  Flamboroogh,  Buckton,  and  Bempton,  to 
land  in  FOey  Bay,  when  they  could  find  a  commodious  and  safe 
shelter  in  that  of  Bridlington. 

To  revert)  however,  to  the  so-called  Danes'  Graves.  They  are 
actually  contiguous  to  the  ancient  British  way  above  alluded  to,  all 
on  the  south  side  of  it.  On  the  Ordnance  Map  they  are  shown  as 
closely  grouped  together  as  cobbles  in  a  pavement^  to  the  number  of 
197,  but  their  number  must  have  been  far  greater  before  the  land 
waH  disturbed  by  ploughing,  as  the  adjacent  fields  show  the  remains 
of  many  others  which  have  been  levelled  down.  In  all  probability 
400  or  500  graves  were  once  as  well  visible  as  those  now  to  be  seen. 
Similar  groups  of  graves  are  (or  were)  to  be  seen  at  Arras,  and  at 
Scorborough,  both  in  the  East  Riding.  This  special  grouping  is 
utterly  unlike  anything  to  be  met  with  on  the  Wolds,  though 
Mr.  Mortimer  for  the  elucidation  of  his  excellent  collection  from 
barrows  on  the  Wolds,  has  grouped  together  certain  tumuli,  and  has 
founded  thereon  a  star  theory,  which,  unfortunately,  I  am  not  able  to 
agree  with.  The  peculiar  grouping  of  the  graves  at  Danes'  Graves, 
and  tlie  other  places  mentioned,  points  to  a  MttJed  occupation.  No 
battlefield  would  account  for  so  many  separate  graves.  We  must 
rather  look  ujwn  them  as  an  ancient  cemetery'  of  a  settle*  1 
population. 

When  we  come  to  look  at  the  contents,  which  will  be  fully 
de^scribed  in  a  future  paper  by  Mr.  Mortimer,  we  shall  find  that 
they  are  quite  different  from  the  mass  of  tumuli  on  the  Yorkshiix^ 
Wolds,  and  of  a  much  later  date.  In  the  earlier  tumuli  there  is 
very  little  trace  of  bronze,  and  none  whatever  of  iron.  Out  of  300 
tumuli  on  the  Wolds,  examined  by  Mr.  Mortimer,  only  about  12 
showed  any  trace  of  bronze,  which  was  comparatively  unknowTi  when 
they  were  located.  Hence  we  must  assign  the  earlier  mounds  i>artly 
to  the  Stone  Age  and  partly  an  early  period  in  the  Bronze  Age.  The 
knives,  celts,  saws,  and  other  instruments  as  arrowheads  and  spears, 
are  all  of  fiint  or  stene.  The  lx)dies  were  mostly  inhumed,  not 
cremated  ;  later  on,  as  authorities  t^ll  us,  Ixxlies  in  the  Bix)nze  Age 
were  mostly  cremated.  Both  kinds  of  interment,  however,  occur  in 
the  same  mounds  on  the  Wolds. 


Froe.  Yorluh.  Oeol.  ami  PolyU 
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This  year,  1897,  Mr.  Mortimer  fortunately  obtained  peimission 
from  Mr.  Harrison-Broadley,  the  owner  of  the  soil,  to  make  an 
examination  of  the  Danes'  Graves.  Some  twelve  or  more  mounds 
were  opened  by  experienced  workmen.  The  result  was  highly 
satisfactory.  In  one  grave  a  beautiful  enamelled  bronze  pin  was 
unearthed  (plate  xliii.),  characteristic  of  the  late  Bronze  Age;  in 
another,  two  chariot  wheel  tyres  of  iron,  with  iron  bits,  and  bronze 
trappings  for  the  horses.  Such  remains  of  British  charioteers 
have,  as  far  as  I  know,  only  been  found  in  the  East  Riding  of 
Yorksliire,  and  those  at  Arras.*  The  date  may  be  assigned  to 
100  years  before  or  after  the  Christian  era. 

This  discovery  does  away  with  the  popular  nomenclature  Daiies^ 
Graves.  The  mounds  situated  in  Danesdale  are  not  those  of  Danes 
at  all.  They  are  far  more  ancient  than  the  incursion  of  the  Danes, 
or  Vikings,  on  the  East  coast  of  Yorkshire,  which  occurred  in  the 
8th  or  9th  century.  Like  the  Danes'  Dike  at  Flamborough,  which 
was  carefully  examined  and  tested  by  Major-Gen.  Pitt-Rivers  in 
1879,  and  proved  by  him  to  have  been  the  work  of  men  using 
flint  weapons  only,  the  name  of  Danes'  Graves  has  simply  been 
preserv^ecl  in  popular  trmlition  because  the  Danes  were  the  last  dread 
marauders  who  ravaged  the  East  coast,  and  destroyed  hamlets  and 
churches  alike.  Doubtless  the  formidable  Dike  which  runs  from  end 
to  end  across  the  promontory  of  Flamborough,  was  utilized  by  the 
Danes,  as  it  was  by  the  Romans  l)efore  them,  but  it  was  thrown  up 
by  an  earlier  people  using  Hint  weapons,  and  so  with  the  graves  in 
Danesdale.  They  are  the  remains  of  a  race  existing  in  almost 
prehistoric  times,  and  if  I  might  venture  to  offer  a  suggestion 
I  think  it  not  unlikely  that  they  represent  a  burial  place  of  the 
Parisi,  who,  as  distinguished  from  the  Brigantes,  are  said  to  have 
occupied  Holderness. 

"A  chariot  wheel  was  found  !>y  Mr.  Kendal  on  the  moors,  N.  K. 


TBM  HAUFAZ  COAL 


{Bead  Odoier  7A,  18VI.) 

The  Yoriodiiie  ocmiI  field  is  dmded  into  tbrae  hotimii^  yii^ 
Lowar,  Middk^  and  Upper. 

Ihe  Lower  Cosl-MeMiiree  appear  to  have  fint  been  woriced  at 
HaliftiiT,  and  theaoe  the  mineB  were  gradaalty  extended  aronlbd  the 
imt-cnp  of  the  coal-Sdd,  and  the  two  workable  beds  of  coal  wroog^t 
in  them  became  known  as  the  ''Halifiuc  Hard  and  Bolt  Bed  coals." 

The  HalHiaT  coal  strata  form  a  compact  groap  of  rodEB,  consist- 
ing of  beds  of  shale^  sandstone^  rag^  Innd,  coal,  seat-earthi  f^ui^ister, 
inmstone  and  fosBiliferoiis  beds  of  nwrine  and  freshwater  origin,  the 
whole  being  enclosed  between  the  Rough  Bock  at  the  base  and 
crowned  by  the  I^orlhowram  and  Elland  Plagrock.  These  strata 
are  also  well  known  to  geologists  on  account  of  the  great  number 
and  variety  of  their  fossil  contents.  The  marine  beds  overlying  the 
Hard  Bed  coal  have  yielded  a  large  number  of  marine  fossil  shells 
and  fish-remains  to  our  local  collectors,  and  more  recently  the  rich 
and  various  assortment  of  Fossil  Plants  shewing  their  internal 
structure  found  in  our  coal -balls,  have  extended  the  fame  of  our 
Halifax  Coal  strata  over  the  civilized  world. 

The  conditions  attending  the  formation  of  the  different  beds 
were  of  a  very  varied  character,  and  the  area  in  which  they  were 
deposited  was  sometimes  a  land  surface,  covered  by  extensive  forests 
of  lepidodendrons,  sigillarias,  calamites,  cycads  and  ferns  in  great 
variety ;  at  others  a  great  estuary  inhabited  by  molluscs  and  fishes, 
and  into  which  the  rivers  of  the  period  brought  down  spoils  from 
the  ancient  land,  such  as  sand  and  mud,  trunks  and  branches  of 
trees,  etc.,  and  into  which  the  sea  occasionally  erupted  and  brought 
into  the  area  marine  shells  and  fishes.  * 

The  fact  that  the  Coal-Measures  were  deposited  in  a  gradually- 
sinking  area  is  generally  admitted  by  geologists,  and  it  has  been 
suggested  that  the  subsidence  was  probably  caused  by  the  immense 
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weight  of  materials  brought  into  the  area,  pressing  down  the 
yielding  crust  of  the  earth ;  occasionally  pauses  in  the  aubsideaoe 
took  place,  followed  by  slight  elevations  into  land  sorfaces. 

Table  of  the  Halifax  Coal  Strata. 
1.     Flagrock  of  Northowram  and  Elland    ...     70  ft.  to  150  ft. 


2. 

Shales  and  Roggystone 100  ft.  to  150  ft. 

3. 

80  yd«.  Band  Coal  and  Seat^rth          2  ft.  3  in. 

4. 

Strata,  including  60  yds.  Band  Stone  and 

"  Quarrel "  Rock      100  ft. 

5. 

48  yds.  Band  Coal            Sin. 

6. 

48  yds.  Band  Stone         6  ft.  to  12  ft. 

7. 

Shales        28  ft. 

8. 

36  yds.  Band  Coal            Sin. 

9. 

Shales  and  Bind  and  36  yds.  Rock         98  ft. 

10. 

Shales  with    "Daum  [Kits"  and    Marine 

Shells,  Goniatites,  Nautili,  Aviculo- 

pectcna,  Ac 9  ft. 

11. 

Pecten  Bed,  Aviculopectens,  Ac.             ...          ...            6  in. 

12. 

Hard  Be<l  Coal,  with  Coal  Balls             2  ft.  3  in. 

13. 

Gannister  Rock  and  Seateartli 4  ft. 

14. 

Shales        28  ft. 

13. 

Middle  Band  Coal            10  in.^    „,     ,„  . 

16. 

„      Stone           about  3  ft.  to  5  ft. 

17. 

Shales,  containing  beils  of   Anthracosia 

and  Spirorbis            30  ft.  to  40  ft. 

18. 

Soft  Bed  Coal       1ft.  4in.i 

Seat<arth 2  ft.  0  in./ 

19. 

Low  Bed  Stone  (Soft  Bed  Flags)            ...       12  ft.  to  20  ft. 

■>o. 

Shales        40  ft.  to  50  ft. 

21. 

Thin  Coal .3  in.  to  8  in. 

Seatearth 4  ft.  to  G  ft. 

R.>ugh  Rotk. 

The  total  thickness  of  the  above  series  is  in  this  district  about 

600  ft. 
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The  outcrop  of  these  beds  fomut  a  very  striking  feature  in 
the  physit^raphy  of  onr  neighbourhood,  ranging  from  Swill  HUl 
{1,300  ft.)  on  the  north,  round  by  Ringby  HUl  (1,100  ft.).  Beacon 
Hill  (850  ft.),  and  Sowthownun  on  the  east;  standing  from  500  ft. 
to  600  ft.  above  the  MilUtooe  Grit  Rock  at  their  base,  they  form 
a  bold  escarpment  facing  the  west. 

The  great  estuarj-  in  which  these  rocks  were  deposited  w-as 
covered  towards  the  close  of  the  Millstone  Grit  period  wit^  a  wide 
extent  of  sand-banks  which  rose  above  the  level  of  the  waters,  but 
were  intersected  by  nuroerouB  water-channels.  Then  subsidence  of 
the  area  took  place  and  the  sand-banks  were  levelled  and  the 
channels  filled  up,  thus  producing  that  well-known  feature  of  false- 
bedding  80  characteristic  of  the  Rough  Rock.  Then  the  whole  area 
was  covered  with  a  deposit  of  clayey  mud  (seat-earth)  and  upraised 
into  a  land  surface,  which  subsequently  became  covered  with  the 
greenery  which  ultimately  was  converted  into  the  thin  coal  now 
found  overlying  the  Rough  Rock.  This  is  the  lowest  .seam  of  coal 
in  the  Yorkshire  c<»il-fl<>ld.  \Vp  have  «-en  this  c.miI  exposed  in 
n»an\  i)lmes  in  t!ii  disttict  It  Miries  from  4  in.  to  8  in.  in 
thukniss  hut  mat  ElUnd  whtre  it  was  formerly  wi.rked,  it  wa.s 
^  ft    4  u.  m  thitkness  • 

Tiif.  whole  area  a^-am  sank  benuith  the  sea-level,  and  to  the 
south  iif  thisdistiict  tin  sea  in\aded  the  area,  and  has  left  evidences 
of  its  sc)j  ,ui  n  m  a  l>ed  of  marine  shells  —  Goniatites,  Aviculo- 
petttns  Ac,  hut  thise  fossils  ha\i  not  Ijoen  recorded  from  the 
HnlifaY  distiKt  at  this  Imnzon  Fiom  40  ft.  to  50  ft.  of  nliales 
ovirhi  this  Sand  Rock  Coal  folhmed  by  'JO  ft.  of  the  Low  Red 
Mom  ^Sjft  Iltd  Ha^s  ot  the  Hudderstield  district.  Then  a  bed  of 
seat  (iiith  Mils  deposited  and  a  land  surface  was  af^in  formed,  upin 
whuli  «jis  jiiiKluied  the  %tK'  tation  whith  foimetl  the  hoft  Bed  Coal. 
Oiiu  moio  tilt  limd  sunk  Ixneath  the  waters  of  an  estuary  in 
which  tinriads  of  fieshwator  mussils  (Aiithracosui)  and  bpirorbis 
flouiisliHl,  which  have  left  tluir  remains  in  lieds  of  from  4  ft.  to 
U  ft  in  thicknoss  Two  species  of  tluse  shdis,  M7  ,  A  lobvta  and 
,V    niihoiiiitii'i  liHve   L  Morldviide  distribution,  and  occui    more  or 

■1  i»ltit,\  of  Ikvi^iiin     Hurliln-ti.1.1     i.iil  Halif^\    p    1 
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less  in  most  of  the  shale  beds  from  the  top  to  the  bottom  of  the 
Coal-Measures.  Sometimes  the  small  Spirorbis  flourished  in  such 
incalculable  numbers  as  to  form  beds  of  from  1  yd.  to  6  yds.  in 
thickness  of  impure  limestone.  Anthracasia  and  Spirorbis  are  char- 
acteristic Coal-Measure  fossils,  and  the  latter  has  been  frequently 
found  attached  to  the  stems  of  fassil  plants  and  the  fronds  of  ferns. 

The  Anthracosia  were  at  first  called  XJnios  from  their 
resemblance  to  those  of  the  recent  genus  Unio.  But  afterwards,  on 
account  of  their  being  often  found  in  the  dtfhris  on  our  coal-pit 
banks,  along  with  Goniatites  and  other  marine  shells,  it  became 
doubtful  as  so  whether  they  were  of  freshwater  or  of  marine  origin, 
and  so  they  were  given  the  name  of  Anthracosia,  which  simply 
means  "Coal-Measure  Shells." 

In  Yorkshire  we  have  never  had  any  doubt  upon  the  point, 
having  always  regarded  them  as  being  of  freshwater  or  of  estuarine 
origin,  and  not  long  ago,  my  old  friend,  Mr.  George  Wild,  one  of  the 
l)est  practical  geologists  in  Lancashire,  informed  me  that  the  point 
had  been  clearly  settled  for  that  county,  viz.,  that  Anthracosia  do  not 
occur  ill  situ  in  the  same  l>eds  as  the  marine  shells,  and  that  there 
is  now  no  reason  for  doubting  their  being  of  freshwater  origin. 
Spirorbis  carhontirius  appears  also  to  have  l)een  a  freshwater  species 
belonging  to  the  Annelid  family  which,  at  the  present  day,  is  well 
represented  by  marine  species  infesting  the  sea-weed  cm  our  coasts. 

After  about  30  ft.  to  40  ft.  of  shale  had  been  deposited,  a  l^ed 
of  fine  gritty  sand  was  formed  (Middle  Band  Stone)  of  from  3  ft.  to 
5  ft.  in  thickness,  which  is  now  one  of  the  hardest  rocks  in  the 
whole  group.  This  was  covered  by  a  bed  of  seat-earth,  then  the 
area  became  a  land  surface,  and  the  vegetation  which  formed  the 
Middle  Band  Coal  was  produced.  Afterwards  the  land  once  more 
subsided  lx»neath  the  waters  and  about  30  ft.  of  shales  were 
deposited  upon  the  coal,  followed  by  4  ft.  to  G  ft.  of  seat-earth  and 
Gannister  Rock.  This  gannister  is  a  hard,  fine-grained  silicious 
rock,  full  of  Stiguiarian  rootlets,  and  occurs  in  the  midst  of  the 
seat-earth.  It  is  one  of  the  most  characteristic  n^cks  in  the 
Carboniferous  formation,  and  is  closelv  allied  to  the  Galliard  Rock 
of  the  Millstone  Grit  series. 
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\ftemidt  tlie  wliole  arm  rose  above  the  water,  and  a  land 
m  foffsed  wfaidi  proihahlj  endued  for  hundreds  of  years, 
i  «*»  conercd  br  vast  fioresis  of  OarbonifBrons  trees  and  ferns, 
vKich  mhinMtfhr  beoasse  eonvcrted  into  the  Hard  Bed  ooal.  The 
■ttrinu&nmt  Awa  «f  this  epoch,  fartonatdy  for  science,  has  been  well 
pwwrv<d  in  oar  ciml-balh,  which  occur  in  this  seam.  The  fossil 
pUai»  fwnd  in  these  coal-balls,  have  their  internal  stmctnre  perfectl  j 
pgyjwnfyiL  TTie  balb  oootain  fragments  of  lepidodendron  in  great 
abcmiaBc^  and  vvietT.  sigillaria,  stigmaria,  calamites,  cycads,  tree 
ff^rtrs  ami  otlwr  ferns  in  great  nnmberB ;  also  spores,  fruits,  nuts, 
sv«\K  e«o..  all  sheviiur  thetr  internal  stnicture  under  the  microscope. 
lVrh*|M  \we  «^  the  mcwt  interesting  discoveries  made  in  connection 
>iiich  chew  «xml-halK  va«  the  finding  of  fossil  fungi  in  the  interior 
\^  many  ^^  the  ^«st1  plants  and  in  a  splendid  state  of  preservation. 

MiKixK  :^T&.\TA  Overlying  the  Hard  Bed  Coals. 

V ::*•:■  ::v  ;::v>»:h  ^*t  the  ve::eiati..>n  which  pnxluced  this  coal, 
:  '.,*  i-'^w^vit^vVA  ^'t  :*:".o  whole  area  ohanjred  from  a  land  surface 
\».;':  .^  -.Aiv.'.r.^v:.:  T^.^ra  to  a  «let»p  sea,  but  no  great  disturbance 
.»•  :>,o  Nf.^:,^  :*v^V  i  *AvV.  for  iniunsiiately  overlying  the  coal  is  a  be<I 
»^t  v\s^  •.::.*  Ni'.,  V.s  .  .V\:v',:'oixv:en»  of  fnmi  3  in.  to  6  in.  in  thickness, 
\i  •-.x*:  .^;*;vN*:^  to  Ix*  vNM*\:on^ive  wiih  the  c<«l.  Tliere  are  several 
si>vu*N  »  t  \\^;;\-*yv:en  Ana  als^^  a  few  other  shells,  but  the  great 
u>.4*oji;\  '.v'.ov.;;  to  tlu*  M^vu><  Ari'Hh^j''\'feit  jtapt/nic^us.  Overlying 
0\o  isv.*".;  \\i  tV.o:Y  a:v  in^m  :»  ft,  to  9  ft.  of  shales,  containing 
A  \i\\^\^  v,;;!v.lv'.  o!  :\n:r.vi^h  ivnor^nions  Wally  called  "Baum  Pots," 
\^  \\u  ]\  AW'  .\^:r.i\^M\i  v^t  V'.Av'k  linit^tiMie  antl  coate<l  with  iron  pyrites. 
ri\o\  ,u>^  v.'.toiVN'-.ujc  to  the  ov^^V^'*^  '*"  atxxmnt  of  their  containing 
«:.  V  '  X  .  ',  m  i:n\iT  pnnusion  ami  of  all  sizes,  from  ^\  of  an 

wwU  or  It^vv  to  ;  ui.  or  o  in,  in  iliameter.  together  with  a  large 
ninnlsM  ot  %^t)uT  towil  xht^lK  and  lish-nnnains.  Large  specimens  of 
f.  ;,..'.  ..  0»th*Hvrrtv,  Nrtuti^,  A*o..  ami  alsi>  iKxnir  in  the  shales  free, 
#     ,  not  «»«uK*Msl  in  n^vhiiOv 

V\u>  follow  inc  l^t  *>>mpn<tv«  most  of  the  species  found  in  these 
in.iuno  ^\\Mi\  in  the  noi*:hlvnn*h*><vl  of  Halifax  : — 
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Gottiatitts  li»t«ri  (Martin). 
„  evoliUtts  (Phil). 

„  lotnieyi  (Phil). 

miyx  (Phil). 
„  mutalii/in  (Phil). 

Ifaiuilita  raifsmii  (EngHs). 
fplurricm  (Phil). 

„  twdoHUK  ? 

eiKiosiphoniig  (Pliil). 
Ortkroefras  gteinhauirri  (Pliil). 
„  tiiictum  (Phil). 

fi,.i/,r,„  (Phil). 
„  alffHiKUuii. 

BelUropkon  urii  (Phil). 

„  df-CHMSIilli''. 

Avicalopeeten  pajn/rweotiti, 
Modiola  litigitafin  (Phil). 
Litiffiila  jMnithffn  (Phil). 
MiUniifti  inilrrica/iim  (Phil). 
A'nnt/a  tumida  (Pliil). 

„        /iifitii/ormin  (Phil). 
Vfiius  pnral^-IUi  (Phil). 
Pontdotiotny/i.     Several  forms. 

Fiaii-IlEM.MXs.* 
Elouu;kthijx  Kti-id/iihis  (Tiiimiair). 

„  nitkniii  (Tnuiuiiir). 

Me;/niieklh;/ii  hihlierlii 
fjtrlacnnthit*  phi/tipiU  (Ag.). 

„  p/nt/fiiiH  (Newbury). 

J/f>j)/„„rhin<  el'na,.»?  (Davis). 
Slrepmdm  «ftur<>Uir«  (Itiniicy). 
AmnlhodfK  tmi-di?     Spiiii-s. 
I'tPiii/iKiHg,  teeth  (Ag.). 

*  The   Lixt   rif  FiMii-KvtiukiiiH  uiim  kiiidl.t'  retisi'd   l,y  111 
Sowerliy  Bridgi^. 
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Ch'erlying  these  marine  beds  there  are  about  98  ft.  of  shales  aad 
hard  bind,  the  latter  consisting  of  thin  layers  of  shale  and  sand 
forming  a  very  hard  rock,  and  towards  the  top,  merging  into  the 
36-yards  Band  Rock,  which,  although  seldom  absent^  is  of  varying 
thickness,  from  a  few  feet  to  as  many  yards.  Upon  this  rock  lies 
the  36-yards  coal,  from  8  in.  to  10  in.  in  thickness,  having  under  it  a 
bed  of  seat-earth  of  from  3  ft.  to  5  ft.  in  thickness.  This  seat-earth 
forms  one  of  the  best  fireclays  in  our  district  and  is  extensively 
worked. 

Overlying  this  coal  are  10  yds.  of  shales  and  then  the  48-yard8 
Rock,  seat-earth,  and  coal.  This  rock  is  of  variable  thickness,  and 
sometimes  is  absent. 

Between  the  36-yards  Band  Coal  and  the  80-yards  Band  Coal, 
the  strata  are  very  irregidar,  consisting  of  shales  with  lenticular 
be<ls  of  sandstone.  About  Sheffield  one  of  these  is  known  as  the 
Whamcliffe  Rock,  and  at  Whamcliffe  Edge  it  is  a  coarse-grained 
massive  grit  of  great  thickness  ;  northwards  it  tliins  out  and  becomes 
ii  softer  rock,  as  at  Halifax,  with  the  quality  of  Gannister.  At 
Hradshaw,  near  Halifax,  a  rook  known  under  the  name  of  "Quarrt»l" 
conies  in  and  increases  in  thickness  to  the  north-east,  and  is  worked 
in  the  neighl^ourhood  of  Thornton. 

The  4tS-vards  Coal  extends  from  Elland  to  Catherine  Slack,  and 
<lies  away  to  the  north.  Tt  was  formerly  worked  at  Nab  End, 
Boothtown,  Halifax,  where  it  \vas  from  10  in.  to  14  in.  in  thickness. 
The  author  can  also  recollect  its  Inking  w  orked  under  the  hill  above 
Scout  Hall,  in  Shibdendale,  where  it  was  about  a  foot  thick,  and 
w^as  used  as  a  house  coal.  The  80-yards  Band  Coal,  although  so 
thin  (from  4  in.  to  2  in.  in  thickness),  is  generally  represented  in  the 
neighbourhood  of  Halifax  and  Huddersfield  by  either  the  coal  or  its 
seat-earth.  The  80-yards  Band  Kock  is  only  a  few  feet  in  thickness 
and  not  always  present.  About  125  ft.  of  shales  overlie  the  80-yards 
Coal,  and  upon  these  rest  the  Flagstone  Rock  of  Ringby  Hill 
(Elland  IHagrock),  here  about  70  ft.  thick.  The  rock  is  very  largely 
(jujirricfl  on  this  hill  and  at  Northowram,  and  is  of  fairly  gcnid 
<|uality,  both  for  flags,  building  stones,  and  ashlar. 
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Thi§  rock  ia  evidently  the  shore  deposit  of  a  great  estuary.  It 
consUts  of  alternations  of  beda  of  atone,  rag,  and  shale,  the  rock 
having  two  beds  of  shale,  one  a  foot  and  the  other  5  ft.  in  thickness, 
which,  further  south,  increase  to  20  ft,  or  more  in  thickness — with 
a  thin  bed  of  Anthracosia  towards  the  top.  A  great  number  and 
variety  of  fossil  plants  have  been  found  in  this  rock,  including 
Lepidodendra,  Sigillaria,  Stigmaria,  Calamites,  Halonia,  Artisia, 
Cordaites,  Bothrodenrlron,  Trigonocarpons,  Cardiocarpons,  ferns, 
fruits,  etc.,  worm  tracks,  and  other  curious  trails. 

Faults. — The  Halifax  beds,  like  most  other  coal  strata,  are 
dislocated  here  and  there  by  faults  which  range  from  52  yds.  down 
to  a  few  feet  of  throw  ;  there  are  none,  however,  which  call  for  any 
particular  notice. 

Fossil  plants  found  in  the  Halifax  Coal  Strata  and  the 
Northowram  (Elland)  Flagrock  : — 

Ccdamarvp  (Calamites)  Suckow.     Flagi-ock. 
Calamiliiia  ■variinm  (Sternberg).  „ 

II  ffiJpjmrlii  Ett,     Flagrock. 

„  v/irutiu  var.  (Schiitzei,).     Flagrock. 

£-wainmil€n  ramamm.     Artis.  sp.  „ 

StijlocalaniiUif  8H>:k(/)vii.     Brougt.  „ 

„  r.n>innj'i,nnis.      Flagrock. 

„  riiilii  Brougt.  sp.     Flagrock. 

Antroeahtiniles  Kmiliiruliiriii.  „ 

Leptdodfiidran  I'/r'i/imii.       Soft  Bed  Coal  roof,  youthowram. 

„  xlKiiihe,r>jii.  „  „  „ 

„  /xaehii.  „  „  „ 

dkhotomnm.  Hard  Be<l  Coal-balls 
„  !":l<i;/uioid«s.  „  „  „ 

„  ;/rai'UM  (Carr).      Flagi-ock,  Northowram. 

„  "bovatum  (Stemb.).     „  „ 

Lfpidophi/llum.     Several  forms.     Coal  Strata.        „ 
Kiuirria  Uixina  (doeortated  Lepidodendron).  „ 

Ha/tmia    rKi/iUfirix — fruiting    branches    of    Lepidodendron, 
Lepidophloios,  and  Sigillaria,  Northowram. 


u» 


«««iV  «(  «•  «mM4  «4  «•  ta«  wBfcafab  beck  <if  eial  noogfat 

a  !&■■  hMM*  kwn  a>  tb  -  Hda»  Hud  ud  Baft  Bed  <Mk-' 

B*  HdbB  «nl  itnik  !■■  »  coMfMt  gm^  of  ro^  ocotni- 

Maan*  Mrf  indftMMB  hdi  if  «HBB  aad  fimhvKter  wigiii,  the 
wbifc  iMgr  McloMd  brtvHB  the  Roogfa  Rock  at  the  base  and 
^Tvwii  bv  ^«  XonlwvTMB  and  EUand  Flagrock.  These  straM 
«ev  «iw  well  k»>«B  to  ;cala)Eiste  «a  acoNuit  trf  the  great  number 
aau  i»rwCT  o^  ttHtr  fcunl  Ambnts.  The  mahne  beds  overJnng  the 
Hani  Bni  iom!  b*iv  TirUHl  a  tai^  namber  of  marine  fossil  shells 
r  kwal  oJlKtm,  aod  more  recentiv  the  rich 
I  trf  Fixal  Plants  shewing  their  intemd 
^crwnnr  iammi  m  timr  «Mtl-balK  hatr  extended  the  &iDe  of  our 
H«^a£ax  Cual  itna  over  ^eririlued  «vrkL 

TW  AfnfiUiMS  aitendini;  the  fcraatioo  of  the  difierent  beds 
«Mv  vc  a  ivn-  varwd  thmmetur.  and  the  ana  in  which  they  vere 
iKWMBMi  ««f  M^KCwtv  a  land  tmrbce,  corned  br  extensife  forests 
««  Vtiiiinhiufc^i'wi  ^^tOarw.  ealauites,  ernds  and  fems  in  great 
,^,^j„  ^  ^«^— ~  »  T^'»f  (-"loBrr  inl«fa(Ked  hy  mnllnsra  and  fishf*. 
a»i  -JjOtf  "fcid  -  ■  -  ■■■  ■"  ■:■■  ;"-■•!  i^n.'--;!!  .i:'-ri  -(--lU  fruiu 
:aw  aan-irtK  !» 
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weight  of  materials  brought  into  tbe  ftre<^  prcsring  down  tbe 
jjelding  crust  of  the  earth ;  occasionally  pauses  in  the  subsidence 
took  place,  followed  by  alight  elevations  into  laud  surfaces. 

Table  of  the  Haupas  Coal  Strata. 

1.  Flagrock  of  Northowram  and  Elland    ...     70  ft.  to  150  ft 

2.  Sliales  and  RaggyxtoDe 100  fL  to  150  ft. 

3.  80  yds.  Band  Coal  and  Seat-earth  2  ft.  3  in. 

4.  Strata,  including  60  yd-i.  Band  Stone  and 

"Quarrel"'  Rock 

5.  48  yds.  Band  Coal  

G.     48  yds.  Band  Stone  

T.     Shales        

8.  36  ydH.  Band  Coal  

9.  Shales  and  Bind  and  36  \-(i4.  Rock 

10.  Shales  with   "Baum  [lotH"  and    Marine 

Sheila,  Goniatite«,  Nautili,  Avjcuh>- 
pectens,  Ac.   ... 

11.  Pectt'n  Bed,  Aviculopectens,  ic. 

12.  Hard  Bed  Coal,  with  Coal  BalU 

13.  Gannistcr  Rock  and  Seat-earth  ... 

14.  Shales        

15.  Middle  Band  Coal  10  in. . 

„  „      Seat-earth...  2  ft.  fi  .1  ft.J 

16-         ..         ..     Stone         alwut  3  ft.  to  5  ft. 

17.     Shales,  containing  beds  of  Anthracnia 

and  Spiroibis  30  ft.  U^  40  ft. 

1ft.  4  in., 

2  It.  0  in./ 
f  (Soft  Bed  Flags)  ...       i-j  f 


ftioft  Bed  Coal 
Seat-earth . . . 
Low  Bed  Sto[ 
Shales 

a  Coal... 


100  ft. 


ft.  to  12  ft. 

21*  ft. 


98  ft. 


9  ft. 

6  in. 

ft.  3  in. 

4ft 

ij^ft. 

3  ft.  10  in. 


3  ft.  4  in. 


12  ft.  U,  20  ft. 

10  ft.  u,  -Vj  ft. 
3  in.  U,  a  in, 
4  ft.  to  6  ft- 


»bove  MTiea  i«  in  this  dintrict  aw^*. 


^ 


304  sckncsk:   the  (ialipax  coal  strata. 

Hie  onton^  of  theae  beds  forms  »  vtry  itrikiiig  lattiim  in 
the  [A;siogr^j  of  ow  lua^bcxiritoad,  magiiig  bom  Swill  mi 
<1,300  ft.)  on  the  nortli.  nmad  bj  Rmgfay  Hill  (1,100  tL),  Vmeoa 
Hill  (860  ft.),  and  Sowtiunrnm  im  the  eMt;  abmdiiig  from  600  ft 
to  600  ft.  «boTO  the  Hillrtione  Grit  Rook  at  their  bHe^  tb^  tana 
a  bold  eBcarpment  funng  the  went. 

The  great  estnar;  in  whioh  these  roc^  were  depodted  was 
covered  towards  the  olose  d  the  HillstODe  Orit  period  with  a  vide 
extent  of  sand-bonks  which  rose  above  the  level  of  the  waters,  bat 
were  interaected  l^  nomerons  waterHjIuuineU.  Ihen  wibwdewne  of 
the  sj-ea  took  place  and  the  land-banks  were  levelled  and  the 
channels  filled  np,  thus  producing  that  well-known  feature  of  false- 
bedding  so  characteristio  of  the  Rough  Rock.  Ihen  the  wh(de  area 
was  covered  with  a  deposit  fd  clayey  mnd  (seat«artii)  and  nprused 
into  a  land  sorfaoe,  which  snbseqnentljr  became  covered  witii  tiie 
greenery  which  ultimately  was  converted  into  the  tjiin  coal  now 
found  overlying  the  Rough  Rock.  This  is  the  lowest  seam  of  coal 
in  the  Yorkshire  coal-field.  We  have  Been  this  coal  exposed  in 
many  places  in  this  district.  It  varies  from  4  in.  to  8  in.  in 
thickncHN,  but  near  Elland,  where  it  was  formerly  worked,  it  vas 
2  ft.  4  in.  in  thickness.* 

The  whole  area  again  sank  beneath  the  sea-level,  and  to  the 
south  oE  this  district  the  sea  invaded  the  area,  and  has  left  evidences 
of  its  sojourn  in  a  bed  of  marine  shells  —  Goniatit«s,  Aviculo- 
pectens,  &c.,  but  theae  fossils  have  not  been  recorded  from  the 
Halifax  district  at  this  horizon.  From  40  ft.  to  50  ft.  of  shales 
overlie  this  Sand  Rock  Coal  followed  by  20  ft.  of  the  Low  Bed 
Stone  =  Soft  Bed  Flags,  of  the  Huddersfield  district.  Then  a  bed  of 
seat-earth  was  deposited  and  a  land  surface  was  again  formed,  upon 
which  was  produced  the  vegetation  which  formed  the  Soft  Bed  Coal. 
Once  more  the  land  sunk  beneath  the  waters  of  an  estuary  in 
which  myriads  of  freshwater  mussels  (Anthracosia)  and  Spirorbis 
flourished,  which  have  left  their  remains  in  beds  of  from  4  ft.  t<i 
12  ft.  in  thickness.  Two  species  of  these  shells,  viz.,  A.  robimta  and 
S.  rarbotMriug  have  a  world-wide  distribution,  and  occur  more  or 
•  Geology  of  Dewsbury,  Huddersfield,  and  Hftlifftx,  p.  5. 
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less  in  uiost  of  the  shale  beds  from  the  top  to  the  bottom  of  the 
Coal-Measure«,  Sometimes  the  small  Spirorbis  flourished  in  such 
incalculable  numbers  as  to  form  beds  of  from  1  yd.  to  6  yds.  in 
thickness  of  impure  limestone.  Anthracosia  and  Spirorbis  are  char- 
acteristic Coal-.Measure  fossils,  and  the  latter  has  been  frequently 
found  attached  to  the  stems  of  fossil  plants  and  the  fronds  of  fem.s. 

The  Anthracosia  were  at  first  called  Unioa  from  their 
resemblance  to  those  of  the  recent  genus  Unio.  But  afterwards,  on 
account  of  their  being  often  found  in  the  debris  on  our  coal-pit 
banks,  along  with  Goniatite.s  and  other  marine  shells,  it  became 
doubtful  as  so  whether  they  were  o£  freshwater  or  o£  marine  origin, 
and  so  they  were  given  the  name  of  Anthracosia,  which  simply 
means  "Coal-Measure  Shells." 

In  Yorkshire  we  have  never  hud  any  doubt  upon  the  point, 
having  always  regarded  them  as  being  of  freshwater  or  of  estuarine 
origin,  and  not  long  a^a,  my  old  friend,  5!r.  George  Wild,  one  of  the 
best  practical  geologists  in  Lancashire,  informed  me  that  the  point 
hod  been  clearly  settled  for  tliat  county,  viz.,  that  Anthracosia  do  not 
occur  t'»  aiiu  in  the  same  beds  as  the  marine  shells,  and  that  there 
is  now  no  reason  for  (ioubting  their  being  of  freshwater  origin, 
Spirorbin  carbnnariiis  appears  also  to  lia\e  been  a  freshwater  specie.s 
belonging  to  the  Annelid  family  which,  at  the  pi-esent  day,  is  well 
I'epresented  by  marine  s|)ecies  infesting  the  sea-weed  on  our  coasts. 

After  about  .10  ft.  to  40  ft.  of  shale  had  been  deposited,  a  bed 
of  fine  gritty  sand  was  formed  (Middle  Band  Stone)  of  from  3  ft.  to 
5  ft.  in  thickness,  which  is  now  one  of  the  hardest  rocks  in  the 
whole  group.  This  was  covered  by  a  Ited  of  seat-earth,  then  the 
area  became  a  land  sui'face,  and  the  vegetation  which  formed  the 
Middle  Band  Coal  was  pivuluceil.  Afterwards  the  land  once  more 
subsided  beneath  the  waters  and  about  30  ft.  of  shales  wei-e 
deposited  upon  the  coal,  followe<l  by  4  ft.  to  C  ft.  of  seat-earth  and 
Gannister  Rock,  This  gannister  is  a  hard,  ftne-gi'ained  siHcious 
rock,  full  of  Htigiuarian  rootlets,  and  occurs  in  the  miflst  of  the 
seat-«arth.  It  is  one  of  the  most  characteristic  rocks  in  the 
Carboniferous  formation,  and  is  closely  allied  to  the  Galliard  Rock 
of  the  Millstone  Grit  series. 
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Afterwaxds  the  wbxAe  area  rose  above  the  water,  and  a  land 
tiirCaoe  wa«  formed  wfakh  jvobaUy  endured  for  hundreds  of  year^ 
and  was  covered  by  vast  forests  of  Oarbonifuoos  trees  and  feni% 
which  ultimate^  became  oonverted  into  the  Hard  Bed  ooaL  !Elie 
magnificent  flwa  of  this  qpodi,  fortunately  for  science^  has  been  well 
preserved  in  our  coal-ballS|  which  occur  in  tiiis  seam.  The  foenl 
plants  found  in  these  coal-balls,  have  thw  internal  structure  perfectly 
preserved.  The  balls  contain  fragments  of  l^idod«[idron  in  great 
abundance  and  variety,  sigillaria,  stigmaria,  calamites,  cycads,  tree 
ferns  and  other  ferns  in  great  numbers;  also  spores,  firuits,  nuts, 
seeds,  etc.,  all  shewing  tiieir  internal  structure  under  the  microscqpe. 
Fwhaps  one  of  the  inost  interesting  discoveries  made  in  connection 
with  these  coal4)aU8,  was  tiie  finding  of  fossil  fungi  in  the  interim 
of  many  of  the  fossil  plants,  and  in  a  splendid  state  of  preservation. 

Marine  Strata  Overlying  the  Hard  Bed  Coals. 

After  the  growth  of  the  vegetation  which  produced  this  coal, 
the  physiography  of  the  whole  area  changed  from  a  land  surface 
with  a  magnificent  flora  to  a  deep  sea,  but  no  great  disturbance 
of  the  strata  took  place,  for  immediately  overlying  the  coal  is  a  bed 
of  marine  shells  (Aviculopecten)  of  from  3  in.  to  6  in.  in  thickness, 
which  appears  to  be  co-extensive  with  the  coal.  There  are  several 
species  of  Aviculopecten  and  also  a  few  other  shells,  but  the  great 
majority  belong  to  the  species  Aviculopecten  papyraceous.  Overlying 
the  pecten  bed  there  are  from  3  ft.  to  9  ft.  of  shales,  containing 
a  large  number  of  roundish  concretions  locally  called  "  Baum  Pots," 
which  are  composed  of  black  limestone  and  coated  with  iron  pyrites. 
They  are  interesting  to  the  geologist  on  account  of  their  containing 
Goniaiites  listet'i  in  great  profusion  and  of  all  sizes,  from  ^^  of  an 
inch  or  less  to  2  in.  or  3  in.  in  diameter,  together  with  a  large 
number  of  other  fossil  shells  and  flsh-remains.  Large  specimens  of 
G,  listeria  Orthoceras,  Nautili,  «Jkc.,  and  also  occur  in  the  shales  free, 
i.e.,  not  enclosed  in  nodules. 

The  following  list  comprises  most  of  the  species  found  in  these 
marine  strata  in  the  neighbourhood  of  Halifax  : — 
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Ooniatites  IviUri  (Martin). 

„  evolutus  (Phil). 

„  looTieyi  (Phil). 

„  eali/x  (Phil). 

mutabHig  (Phil). 
A'autiltia  ratngoiii  (Englia). 

„  sphtericug  (Phil). 

„  TwdoKU*  ? 

endotiphonus  (Phil). 
Orlhruceras  eteiitkawri  (Phil). 
„  chietum  (Phil). 

/,m>™>.  (Phil). 
„  atteiiua/un. 

BeUerophon  urii  (Phil). 

„  df.nuMatuti. 

Aviculoperten  pHptfrateovs. 
Jfodiola  lin(/ua/i»  (Phil). 
Linffufa  paraUlla  (Phil). 
Maiaiua  imbriealum  (Phil). 
A'ttcti/rt  tiimuin  (Phil). 

„         huiHlformix  (Phil). 
VtwiH  pnraln/lit  (Phil). 
PoKidnnotaya.     Several  funns. 

Fihii-Rem.uS3.* 
Elonirhthij^  Kt,-ii>l-ilun  (Trntjuairj. 

„  fil/kpiii  (Traquair). 

ih-jniiehlh'jg  kihbfHil 
Cflncniiffim  philliji^ii  (Aji;.). 

„  i^ei/niis  (Newbui-v). 

JUlJonrhiii'  eJ';/aM?  (Davis). 
h'trepgMini  mnroide^   (Binnpy). 
Ai'nn/hod^.-i  wnrdil     Spines, 
Pu-Mlndna,  faH-tli   (Ag.). 
Tlio   UA   .A   Fisl.-KfTi.aiiis  »-«s  kimlly  ™vi»o,l   lij-  Dr.   W'ulllmni,  of 
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Overlying  thefie  marine  beds  there  are  about  98  ft  of  shales  and 
hard  bind,  the  latter  consisting  of  thin  layers  of  shale  and  sand 
forming  a  very  hard  rock,  and  towards  tike  top,  merging  into  the 
36-yard8  Band  Rock,  which,  although  seldom  absent^  is  of  varying 
thickness,  from  a  few  feet  to  as  many  yards.  Upon  this  rock  lies 
the  36-yards  coal,  from  8  in.  to  10  in.  in  thickness,  having  under  it  a 
bed  of  seat-earth  of  from  3  ft  to  5  ft  in  thickness.  This  seat-earth 
forms  one  of  the  best  fireclays  in  our  district  and  is  extensively 
worked. 

Overlying  this  coal  are  10  yds.  of  shales  and  then  the  48-yards 
Rock,  seat-earth,  and  coal.  This  rock  is  of  variable  thicknessi  and 
sometimes  is  absent. 

•  Between  the  36-yards  Band  Coal  and  the  80-yards  Band  Coal, 
the  strata  are  very  irr^^ular,  consisting  of  shales  with  lenticular 
beds  of  sandstone.  About  Sheffield  one  of  these  is  known  as  the 
Whamcliffe  Rock,  and  at  Whamcliffe  Edge  it  is  a  coarsegrained 
massive  grit  of  great  thickness ;  northwards  it  thins  out  and  becomes 
a  softer  rock,  as  at  Halifax,  with  the  quality  of  Gannister.  At 
Braclshaw,  near  Halifax,  a  rock  known  under  the  name  of  "  Quarrel" 
comes  in  and  increases  in  thickness  to  the  north-east,  and  is  worked 
in  the  neighbourhood  of  Thornton. 

The  48-yarcls  Coal  extends  from  Elland  to  Catherine  Slack,  and 
dies  away  to  the  north.  It  was  formerly  worked  at  Nab  End, 
Booth  town,  Halifax,  where  it  was  from  10  in.  to  14  in.  in  thickness. 
The  author  can  also  recollect  its  being  worked  under  the  hill  above 
Scout  Hall,  in  Shibdendale,  where  it  was  about  a  foot  thick,  and 
was  useil  as  a  house  coal.  The  80-yards  Band  Coal,  although  so 
thin  (from  4  in.  to  2  in.  in  thickness),  is  generally  represented  in  the 
neighbourhood  of  Halifax  and  Huddersfield  by  either  the  coal  or  its 
seat-earth.  The  80-yai'ds  Band  Rock  is  only  a  few  feet  in  thickness 
and  not  always  present.  About  125  ft.  of  shales  overlie  the  80-yaixls 
Coiil,  and  upon  these  rest  the  Flagstone  Rock  of  Ringby  Hill 
(Ellund  Flagrock),  here  about  70  ft.  thick.  The  rock  is  very  largely 
<]unrrie<l  on  this  hill  and  at  Northowram,  and  is  of  fairly  g<X/d 
quality,  both  for  flags,  building  stones,  and  ashlar. 
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This  rock  is  evidently  the  shore  deposit  of  a  great  estuary.  It 
coDsista  of  alternations  of  beds  of  stone,  rag,  and  shale,  the  rock 
having  two  beds  of  ahale,  one  a  foot  and  the  other  5  ft.  in  thickness, 
which,  further  south,  increase  to  20  ft.  or  more  in  thickness — with 
a,  thin  bed  of  Anthracosia  towards  the  top.  A  great  number  and 
variety  of  fossil  plants  have  been  found  in  this  ruck,  including 
Lepidodendra,  Sigillaria,  Stigmaria,  Calamites,  Halonia,  Artiaia, 
Cordait«s,  Bothrodendron,  Trigonocarpons,  Cardiocarpons,  ferns, 
fruits,  etc.,  worm  ti-acks,  and  other  curious  trails. 

Faults The  Halifax  beds,  like  mast  other  coal  strata,  are 

dislocated  here  and  there  by  faults  which  range  from  52  yds.  down 
to  a  few  feet  of  throw ;  there  are  none,  however,  which  call  for  any 
particular  notice. 

Fossil  plants  found  in  the  Halifax  Coal  Strata  and  the 
Northowram  (Elland)  Flagrock  : — 

Calanuiriai  (Calamites)  Huckow.     Flagi'ock, 
Calamiliva  var'uiiut  (Sternberg).  „ 

„  tjif/ypKrtii  Ett.     Flagrock. 

„  variant  vox.  (Schiitzei.).     Flagrock. 

EucalnmitF.n  ranwmw.     Artis,  sp.  „ 

Stiflocalamilfg  siirkoifii.     Brougt.  „ 

„  f.aiiiiirfifmtin.     Flagrock. 

„  rixtil  Brougt.  sp.     Flagrock. 

AKtrof.ttlnmites  lu-rohii'uinriii.  „ 

Lepidodetidron  rlfifaitg.       Soft  Bed  Coal  i-oof,  youthowram. 
„  fleriibtri/ii.         „  „  „ 

liichoummm.  Hard  Bed  Coal-balls         „ 
.,  si'laiihioidts.  „  „  „ 

,,  !/rru:Uin  (Carr).      Flagrock,  Northowram. 

„  <'bovaliim  (Stemb.).     „  „ 

Lfpidophi/Zhim.     Several  forms.     Coal  Strata.        „ 
Kii/rrria  tnxiiin  (decortated  Lepidodendron).  „ 

Ilalonia    reijidari* — fruiting    branch&s    of    Lepidodendron, 
Lepidophioios,  and  Sigillaria,  Northowram. 
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This  year,  1897,  Mr.  Mortimer  fortunately  obtained  permission 
from  Mr.  Harrison-Broadley,  the  owner  of  the  soil,  to  make  an 
examination  of  the  Danes'  Graves.  Some  twelve  or  more  mounds 
were  opened  by  experienced  workmen.  The  result  was  highly 
satisfactory.  In  one  grave  a  beautiful  enamelled  bronze  pin  was 
unearthed  (plate  xliii.),  characteristic  of  the  late  Bronze  Age ;  in 
another,  two  chariot  wheel  tyres  of  iron,  with  iron  bits,  and  bronze 
trappings  for  the  horses.  Such  remains  of  British  charioteers 
have,  as  far  as  I  know,  only  been  found  in  the  East  Riding  of 
Yorkshire,  and  those  at  Arras.*  The  date  may  be  assigned  to 
100  years  before  or  after  the  Christian  era. 

This  discovery  does  away  with  the  popular  nomenclature  Datiea' 
Graves.  The  mounds  situated  in  Danesdale  are  not  those  of  Danes 
at  all.  They  are  far  more  ancient  than  the  incursion  of  the  Danes, 
or  Vikings,  on  the  East  coast  of  Yorkshire,  which  occurred  in  tho 
8th  or  9th  century.  Like  the  Danes'  Dike  at  Flaniborough,  which 
was  carefully  examined  and  tested  by  Major-Gen.  Pitt-Rivera  in 
1879,  and  proved  by  him  t(t  have  been  the  work  of  men  using 
flint  weapons  only,  the  name  of  Danes'  Graves  has  simply  been 
preserved  in  popular  tradition  because  the  Danes  were  the  last  dread 
marauders  who  ra^■aged  the  East  coast,  and  destroyed  hamlets  and 
churches  alike.  Doubtless  the  formidable  Dike  which  runs  from  end 
to  end  aoross  the  promontory  of  Flaniborough,  was  utilized  by  the 
Danes,  aa  it  was  by  the  Romans  before  them,  but  it  was  thrown  up 
by  an  earlier  people  using  flint  weapons,  and  so  with  the  graves  in 
Danesdale.  They  ai-e  the  remains  of  a  race  existing  in  almost 
prehistoric  times,  and  if  I  might  venture  to  offer  a  suggestion 
I  think  it  not  unlikely  that  they  represent  a  burial  place  of  the 
Parisi,  who,  as  distinguished  from  the  Brigantes,  are  said  to  have 
occupied  Holdcrness. 

"A  chariot  wlieel  was  found  by  Mr.  Kmickl  oci  the  moors,  N.  K. 


TBI  KALI»Z  OOU  RmUA. 

sr  jAJin  sranxB. 
(A»wf  0(*>6er  7<&,  1897.) 

The  Yoifafaire  ooal  AeU  is  divkbd  into  tbne  boruoM^  vu.. 
Lower,  Middk^  uid  XTpper. 

Hie  Lower  Coal-lbiMDres  ippntr  to  have  flnt  been  wocked  »t 
TTaiifaTj  And  thntnn>  the  "*"*■  wen  gnuliwllT  extended  eronAd  the 
outcrop  of  die  ooftl-^eld,  And  the  two  wotkefale  beds  oE  oo»I  wroni^t 
in  them  becune  known  u  the  "  Halifez  Hard  and  Soft  Bed  eoak." 

The  Halifax  ooal  atrata  form  a  oompaot  group  ot  rodta,  oonast- 
ing  of  beds  of  ehal^  undatone,  rag,  Inod,  ooal,  aeat  earth,  ganniatar, 
ironatone  and  fiMstUfNooB  beds  oi  marine  and  freahwater  ori^n,  the 
whole  being  encloaed  between  the  Rough  Bock  at  the  haae  and 
crowned  by  the  Korthowram  and  Elland  Flagrock.  Theee  atista 
are  also  well  known  to  geologists  on  account  of  the  great  number 
and  variety  of  their  fossil  contents.  The  marine  beds  overlying  the 
Hard  Bed  coal  have  yielded  a  large  number  of  marine  fossil  shells 
and  fish-remains  to  our  local  collectors,  and  more  recently  the  rich 
and  various  assortment  of  Fossil  Plants  shewing  their  internal 
structure  found  in  oiu-  coal-balls,  have  extended  the  fame  of  our 
Halifax  Coal  strata  over  the  civilized  world. 

The  conditions  attending  the  formation  of  the  different  beds 
were  of  a  very  varied  character,  and  the  area  in  which  they  were 
deposited  was  sometimes  a  land  surface,  covered  by  extensive  forests 
of  lepidodendrons,  sigillarias,  calamites,  cycads  and  ferns  in  great 
variety ;  at  others  a  great  estuary  inhabited  by  molluscs  and  fishes, 
and  into  which  the  rivers  of  the  period  brought  down  spoils  from 
the  ancient  land,  such  as  sand  and  mud,  trunks  and  branches  of 
trees,  etc.,  and  into  which  the  sea  occasionally  erupted  and  brought 
into  the  area  marine  shells  and  fishes.  * 

The  fact  that  the  Coal-Measures  were  deposited  in  a  gradually- 
sinking  area  is  generally  admitted  by  geologists,  and  it  has  been 
suggested  that  the  subsidence  was  probably  caused  by  the  immense 
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weight  of  materialB  brought  into  the  area,  pressing  down  the 
yielding  crust  of  the  earth ;  occasionally  pauses  in  the  subsidence 
took  place,  followed  by  slight  elevations  into  land  surfaces. 

Table  of  the  Halifax  Coal  Strata. 
1.     Flagrock  of  Northowram  and  Elland    ...     70  ft.  to  150  ft 
'2.     Shales  and  Raggystone    ... 


100  ft  to  150  ft. 


.3. 

80  yds.  Band  Coal  and  Seafr^arth 

2  ft.  3  in. 

4. 

Strata,  including  60  yds.  Band  Stone  and 

"Quarrel"  Rock      

100  ft. 

5. 

48  yds.  Band  Coal            

8  in. 

6. 

48  yds.  Band  Stone          

6  ft.  to  12  ft 

7. 

Shales        

28  ft. 

8. 

3G  yds.  Band  Coal            

8  in. 

9. 

Shales  and  Bind  and  36  yds.  Rock 

98  ft 

10. 

Shales  with   "Daum  pots"  and    Marine 

Shells,  Goniatites,  Nautili,  Aviculo- 

pectens,  Ac 

9  ft 

11. 

Pecten  Bed,  Aviculopectcns,  ic. 

Gin, 

12. 

Hard  Be«l  Coal,  witli  Coal  Balls 

2  ft  Sin. 

1.3. 

Gannister  Rock  and  Seat-earth  ... 

4  ft 

14. 

Shales        

28  ft 

15. 

Middle  Band  Coal           

^'';-)  3  ft  10  in. 
ft  to  .3  ft  ^ 

„          „      SeatH>arth  ...             2 

16. 

„      Stone          

ab<»ut  3  ft.  to  5  ft. 

17. 

Shales,  citntaining  beds  of   Aiithraco^ia 

and  Spirorbis            

...       30  ft  to  40  ft 

18. 

Soft  Bed  Coal       

2  ft  0  in./ 

Sealxarth 

19. 

Low  Bed  Stone  (Soft  Red  Flags) 

...       12  ft  to  20  ft 

30. 

Shales        

40  ft  to  50  ft. 

21. 

Thin  Coal 

3  in.  to  8  in. 

Seat-eai-th 

4  ft  to  6  ft. 

Rough  Rock. 

The  total  thickness  of  the  above  aericH 

is  in  this  district  about 

600  ft. 

4 
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Ttio  outcrop  of  thew^  beds  fatmn  a  vcrj-  ntrikiag  featoiv  in 
tlie  phy»iuK™p''V  uf  our  neighbourlKnx!,  ratifpng  from  Swill  Hill 
(1,300  ft.)  on  tl.f  n<.i-tli.  round  by  RinRLy  Hilt  (1,100  ft.).  Bf-aouti 
HiU  (8fiO  ft),  and  Bowtbowram  on  tlw  out;  itaofiig  IroHi  606  ft. 
to  600  ft  ftboT«  the  HiUstooe  Orit  Boc^  at  their  bwe,  thar  form 
a  bold  eKmrpmeait  facing  the  waat 

^le  great  ntnaiy  in  wliidi  theae  roc^  were  depoatted  wan 
ooTsred  tovanis  the  doae  of  the  MiHttfltift  Orit  period  wiHi  »  wide 
extent  of  aand-faanka  whidh  rae  above  the  level  <rf  Uie  watare,  bat 
were  interseoted  hy  namerona  water^Qiaimelfl.  Hmq  mbaidenoe  of 
the  area  took  plaoe  and  Uie  sand-bankB  wwe  levelled  and  the 
channels  filled  np,  thoa  prodndng  that  well-known  feature  of  fabe- 
bedding  ao  charactwUtio  of  the  Boa|^  Book.  Then  the  ^rfiola  ana 
was  covered  witii  a  deposit  (rf  olaTcy  mod  (aeat-earth)  and  npiaiaed 
into  a  land  snrfaoe,  irfuoh  mbaeqnentiy  became  covered  with  the 
greenery  which  ultimately  was  converted  into  the  Han  ooal  now 
found  overlying  the  Rough  Bode.  This  is  the  lowest  seam  of  coal 
in  the  Yorkshire  coal-field.  We  have  seen  thia  coal  exposed  in 
many  placen  in  this  district.  It  varies  from  4  in.  to  8  in.  in 
thickuess,  but  near  Elland,  where  it  was  formerly  worked,  it  was 
2  ft.  4  in.  in  thickness.* 

The  whole  area  again  nank  beneath  the  sea<level,  and  to  the 
south  of  this  district  the  sea  invaded  the  area,  and  has  left  evidences 
of  its  sojourn  in  a  bed  of  marine  shells  —  Goniatite«,  Aviculo- 
pectens,  ic,  but  these  fossils  have  not  been  recorded  from  the 
Halifax  district  at  this  horizon.  From  40  ft.  to  50  ft.  of  shales 
overlie  this  Sand  Rock  Coal  followed  by  20  ft.  of  the  Low  Bed 
Stone  =  Soft  Bed  Flags,  of  the  Huddersfield  district.  Then  a  bed  of 
seat-earth  was  deposited  and  a  land  surface  was  again  formed,  upon 
which  was  producerl  the  vegetation  which  formed  the  Soft  Bed  Coal. 
Once  more  the  land  sunk  beneath  the  waters  of  an  estaary  in 
which  myriads  of  freshwater  mussels  (Antliracosia)  and  Spirorbis 
flourished,  which  have  left  their  remains  in  beds  of  from  4  ft.  to 
12  ft.  in  thickness.  Two  species  of  these  shells,  viz.,  A.  Tobufta  and 
fi.  carboTutriuB  have  a  world-wide  distribution,  and  occur  more  or 
*  <ieolog}'  of  Dewsbiir]',  HuddersKeld,  aud  Halifax,  p.  5. 
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less  in  most  of  the  shale  beds  from  the  top  to  the  bottom  of  the 
Coal-Measures.  Sometimes  the  small  Spirorbis  flourished  in  such 
incalculable  numbers  as  to  form  beds  of  from  1  yd.  to  6  yds.  in 
thickness  of  impure  limestone.  Anthracosia  and  Spirorbis  are  char- 
acteristic Coal-Measure  fossils,  and  the  latter  has  been  frequently 
found  attached  to  the  stems  of  fossil  plants  and  the  fronds  of  ferns. 

The  Anthracosia  were  at  first  called  Unios  from  their 
resemblance  to  those  of  the  recent  genus  Unio.  But  afterwards,  on 
account  of  their  being  often  found  in  the  d^brit*  on  our  coal-pit 
hanks,  along  with  Goniatites  and  other  marine  shells,  it  became 
doubtful  as  so  whether  they  were  of  freshwater  or  of  marine  origin, 
and  so  they  were  given  the  name  of  Anthracosia,  which  simply 
means  "Coal-Measure  Shells." 

In  Yorkshire  we  have  never  had  any  doubt  upon  the  point, 
having  always  regarded  them  as  being  of  freshwater  or  of  estuarine 
origin,  and  not  long  ago,  my  old  friend,  Mr.  George  Wild,  one  of  the 
best  practical  geologists  in  Lancashire,  informed  me  that  the  point 
had  been  clearly  settled  for  that  county,  viz.,  that  Anthracosia  do  not 
occur  in  situ  in  the  same  beds  as  the  marine  shells,  and  that  there 
is  now  no  reason  for  doubting  their  being  of  freshwater  origin. 
Sj)irorbis  carbotiariKs  appears  also  to  have  been  a  freshwater  species 
belonging  to  the  Annelid  family  which,  at  the  present  day,  is  well 
represented  by  marine  species  infesting  the  sea-weed  on  our  coasts. 

After  about  30  ft.  to  40  ft.  of  shale  had  been  deposited,  a  bed 
of  fine  gritty  sand  was  formed  (Middle  Band  Stone)  of  from  3  ft.  to 
5  ft.  in  thickness,  which  is  now  (me  of  the  hardest  rocks  in  th(^ 
whole  group.  This  wiis  covered  by  a  bed  of  seat-earth,  then  the 
area  l^ecame  a  land  surface,  and  the  vegetation  which  formed  the 
Middle  Band  Coal  was  produced.  Afterwards  the  land  cmce  more 
subsided  beneath  the  waters  and  about  30  ft.  of  shales  were 
deposited  upon  the  coal,  followed  by  4  ft.  to  G  ft.  of  seat-earth  and 
Gannister  Rock.  This  gannister  is  a  hard,  fine-grained  silicious 
rock,  full  of  Stigmarian  r(K)tlets,  and  occurs  in  the  midst  of  the 
seat-earth.  It  is  one  of  the  most  characteristic  rocks  in  the 
Carboniferous  formation,  and  is  closely  allied  to  the  Galliard  Rock 
of  the  Millstone  Grit  series. 
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Aftorwaids  the  whckd  area  rose  alxm»  tbe  water,  and  m  land 
mirCaoe  was  formed  whidi  probaUy  endured  for  hundreds  of  yeani 
and  was  oorered  by  Tasfe  forests  of  Oarboniteroiis  trees  and  femSi 
which  oltimately  became  converted  into  tbe  Hard  Bed  coaL  The 
magnificent  flora  of  this  epodii  fortunately  for  science,  has  been  well 
preserved  in  our  coal-balls,  which  occur  in  this  seam.  The  foeril 
plants  found  in  these  coal-balls,  have  their  internal  i^ructure  perfectly 
preserved  Hie  balls  contain  fragments  of  lepidodendran  in  great 
abundance  and  variety,  sigiUaria,  st^^maria,  calamites,  cycads,  tree 
ferns  and  other  ferns  in  great  numbers ;  also  spores,  frtuts,  nuts, 
seeds,  etc.,  aU  shewing  their  internal  staructure  under  tiie  microscope. 
Perhaps  one  of  the  most  interesting  discoveries  made  in  ccmnedaon 
with  these  coal-balls,  was  the  finding  of  fossil  fungi  in  the  interior 
of  many  of  the  fossil  plants,  and  in  a  splendid  state  of  preservation. 

Mabinb  Strata  Ovbrlting  the  Hard  Bed  Coals. 

After  the  growth  of  the  vegetation  which  produced  this  coal, 
the  physiography  of  the  whole  area  changed  from  a  land  surface 
with  a  magnificent  flora  to  a  deep  sea,  but  no  great  disturbance 
of  the  strata  took  place,  for  immediately  overlying  the  coal  is  a  bed 
of  marine  shells  (Aviculopecten)  of  from  3  in.  to  6  in.  in  thickness, 
which  appears  to  be  co-extensive  with  the  coal.  There  are  several 
species  of  Aviculopecten  and  also  a  few  other  shells,  but  the  great 
majority  belong  to  the  species  Aviculopecten  pap^/raceous.  Overlying 
the  pecten  bed  there  are  from  3  ft.  to  9  ft.  of  shales,  containing 
a  large  number  of  roundish  concretions  locally  called  "  Baum  Pots," 
which  are  composed  of  black  limestone  and  coated  with  iron  pyrites. 
They  are  interesting  to  the  geologist  on  account  of  their  containing 
Goniatitea  listeri  in  great  profusion  and  of  all  sizes,  from  -f^  of  an 
inch  or  less  to  2  in.  or  3  in.  in  diameter,  together  with  a  large 
number  of  other  fossil  shells  and  fish-remains.  Large  specimens  of 
G,  listeria  Orthoceras,  Nautili,  ^kc,  and  also  occur  in  the  shales  free, 
i.e.,,  not  enclosed  in  nodules. 

The  following  list  comprises  most  of  the  species  found  in  these 
marine  strata  in  the  neighbourhood  of  Halifax  : — 


SPEKCER:    the   HALIFAX   COjt 

Gtmialitea  litleri  (Martin). 
„  evoiutug  (Phil). 

looneyi  (Phil). 
„  ralyx  (Phil). 

„  tnutabUis  (Phil). 

NautUxta  rawaoni  (Englis). 
gphan^-rta  (Phil). 
„  nodo/nm? 

eiido»ipho7tua  (Phil). 
Orthroceras  steinhaueri  (Phil). 
„  ciiietuvi  (Phil). 

f„dfoTm.  (Phil). 
„  atte.nnatuif. 

Bellerophon  urti  (Phil). 

„  denimatiig. 

Avicwiopeeten  pajtymceoun. 
Modiola  liiiifiM/M  (Phil). 
Lingjila  pamlef/a  (Phil). 
Maianfa  iml/ficaliim  (Phil). 
A'ucUa  tumu/a  (Phil). 

lueun/ormia  (Phil). 
Venits  i>araleHa  (Phil). 
Pondonomifii.     Several  forms. 

Fesii-Rem.vixs.* 
Eionirhtki/K  KlriiiliihiK  (Tfaquair). 

iiilk''iii  (TrarjUHtr). 
Meyaiichthifit  hihherlii. 
C'lrlacantknn  jiki/Hpiii  (Ag.), 

„  elet/nng  (Newbury). 

IIojJom-hvH  ehtjanx  1  (Da\-is). 
Htrppgodn*  snnr(iid''«  (Blnney). 
Acnnlhoden  n-nr-di?     Spines. 
PtrjiHi'dHit,  teeth  (Ag,). 

•The   List   of  fish-Rt^iiiiiiiia  «ilh  kiii.ll.v  i 
Sowerliy  Bridge. 


308  SFOCEB:    TpE    HALIFAX    COAI.  JTIUTA. 

Oiprlying  thcac  marine  beds  there  ani  about  98  ft.  of  shales  aod*' 
hard  binil,  the  latter  cooi^istiiig  of  thin  layeru  of  aiuile  aiid  Hand 
fariiiiiii;  a  Vfi-y  liunl  ruck,  ami  ti.iwa,r<!B  thf  l<ij>,  merging  into  tht 
Sft-yards  Buid  Bock,  wiaeb,  MtMon^  aeUom  whtaA^  is  vt  nrTJng 
tiiickiKH,  from  «  Csw  teat  to  «b  dmi^  judi.  tTpon  thk  raA  fia 
the  36-yBnl>  ooal,  from  8  in.  to  10  in.  in  thicfcwaw^  hftviag  andor  tt« 
bed  (rf  MMrevtb  of  fron  3  fL  to 5 ft  in thiekDni.  lluemt^Ha 
fioniis  one  oi  the  beat  Andftys  in  onr  dktnot  tad  i>  lattaaMij 
worked. 

Overijring  thie  oo*l  mn  10  Ttk  of  ahkleB  and  theo  tiie  4»7Mda 
Bock,  seet-euth,  mod  Go^    Hub  toA  ia  of  Tariefale  thi^tiw,  and 


1 


>  Between  the  3ft-7wda  Band  Coal  and  Uie  SO-Tards  Band  Ooal, 
the  strata  are  Tvy  imgnlar,  oanaiBtug  at  ahales  with  liwtawilf 
beds  of  sandstone.  About  W»*<B*M  <me  of  ti>eae  ia  known  aa  the 
Whamclifib  Bock,  and  at  WhamdiSe  Edge  it  is  a  ooarae^rained 
massive  grit  of  great  thickness ;  ntHthwards  it  thins  out  and  becomes 
a  softer  rock,  as  at  Halifax,  with  the  quality  of  Gannist«r.  At 
Bradshaw,  near  Halifax,  a  rock  known  under  the  name  of  "  Quarrel" 
cornea  in  and  increases  in  thickness  to  the  north-east,  and  is  worked 
in  the  neighbourhood  of  Thornton. 

The  48-yards  Coal  extends  from  Elland  to  Catherine  Slack,  and 
dies  away  to  the  north.  It  was  formerly  worked  at  Nab  End, 
Boothtown,  HaliCax,  where  it  was  from  10  in.  to  14  in.  in  thickness. 
The  author  can  also  recollect  its  being  worked  under  the  hill  above 
Scout  Hall,  in  Shibdendale,  where  it  was  about  a  foot  thick,  and 
was  used  as  a  house  coal.  The  80'yards  Band  Coal,  although  so 
thin  (from  4  in,  to  2  in.  in  thickness),  is  generally  represented  in  the 
neighbourhood  of  Halifax  and  Huddersfield  by  either  the  coal  or  its 
seat-earth.  The  SO-yards  Band  Bock  is  only  a  few  feet  in  thickness 
and  not  always  present.  About  125  ft.  of  shales  overlie  the  SO-yards 
Coal,  and  upon  these  rest  the  Fh4;stone  Bock  of  Ringby  Hill 
(Elland  Flagrock),  here  about  70  ft.  thick.  The  rock  is  very  largely 
quarried  on  this  hill  and  at  Northowram,  and  is  of  fairly  good 
quality,  both  for  flags,  building  stones,  and  ashlar. 
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This  rock  is  evidently  the  shore  deposit  of  a  great  estuary.  It 
consists  of  alternations  of  beds  of  atone,  rag,  and  ahale,  the  rock 
having  two  beds  of  shale,  one  a  foot  and  the  other  5  ft.  in  thicknesci, 
which,  further  south,  increase  to  20  ft.  or  more  in  thickness — with 
a  thin  bed  of  Anthracosia  towards  the  top.  A  great  number  and 
variety  of  fossil  plants  have  been  found  in  this  rock,  including 
LiCpidodendra,  Sigillaria,  Stigmaria,  Calamites,  Halonia,  Artisia, 
Cordaites,  Bothrodendron,  Trigonocarpons,  Cardiocarpons,  fema, 
fruits,  etc.,  worm  tracks,  an<l  other  curious  trails. 

Faults, — The  Halifax  beds,  like  most  other  coal  strata,  are 
dislocated  here  and  there  by  faults  which  range  from  52  yds.  down 
to  a  few  feet  of  throw  ;  there  are  none,  however,  which  call  for  any 
particular  notice. 

Fossil  plants  found  in  the  Halifax  Coal  Strata  and  the 
Northowram  (Elland)  Flagrock  ; — 

Vnlatnaritn  (Calamites)  Suckow.     Fkgi-ock. 
CnlamUina  varuing  (Sternberg).  „ 

„  t/0/i})erlii  Ett.      Flagrock. 

„  vnri'inx  var.  (ydiiitzei.).     Flagrock. 

EifaJinnitfui  ramomux.     Artis.   sp.  „ 

Styhfialamititii  »iii-koivii.     Brougt.  „ 

„  catnHi-furmvi.      Flagrock, 

„  CMlii  Bniugt,  sp.     Flagrock. 

Amlroriilamites  xiTuliie.rihimg.  „ 

Lepidi/dtudroti  rleijinig.       Soft  Bed  Coal  roof,  Southowram. 
„  '(fernbfri/ii.  „  „  „ 

„  dickoUmmm,  Hard  Bed  Coal-balls         „ 

,,  Mliii/uioidfu.  „  „  „ 

.,  i/nicili*  {Can'),      Flagrock,  Northowmm, 

,,  iihovahiiti  (Stemb.).     „  „ 

Lepidophi/l/um.     Several  forms.     Coal  Strata,        „ 
Ktuirria  t'l.tiun  (dcicortated  Lepidodendi-on).  „ 

Ilalonia    rej/idarU — fruiting    branches    of    Lepidodendron, 
Lepidophloios,  and  Sigillaria,  Northowran). 
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ZejndofAloio«  larKimi».     Hard  Bed  Coal. 
Lepido*hvli>w  tariabUi*.  „  „ 

„  geinitzii  (^(cliimper).     Haft  Bod  Coal. 

SiffUlaria  leteeUala  Hard  Bed  Coal,  etv. 
„  ori/amim.     Coniuiou. 

„  p/dyiww.     Soft  Bed  Coftl  roof,  8outhowranb^ 

„  mamiltaria.     Uard  Bed  Co&l. 

„         reriiformis.  „  „ 

Stignaria  ftnoidet.     Cumuum. 

„  rrtindatn  (Kiiliitun).     Conl-balh 

BotKrotktuiivn  minuti/oiiHm.  „ 

„  puiiclalum.     Flagrock  and  Cual-balls. 

Arti*ia  trumnsfrm.     Flogrock. 
DadtKBj/ton.     iBTgv  Casts.     Flogi-ock. 

„  Sterabnyia  =   Arlinia    Iraiigrerea.       Iluum 

shewing  structure. 
Trigoftooitrpona  (casts).      Flagrock,  and  many  other 

of  stone  fruits. 
Cordaites  priiictpatii'.      Flagroi'k. 
(leaves).     Coal-baUs. 
FoHsU  ferns  are  fairly  common,  hut  are  seldom  found 
pre.aerved  for  specific  distinction.     The  four  common  genera  fai 
been  found  in  these  strata : — Pecopttrin,  Alethopteris,  SjAmuqtbn 
and  A'europlerig. 

The  fossils  herein  mentioned,  from  the  Hard  Bed  Coal-ba 
are   ordinary   casts.      Those    showing   structure  are  reserved 
a  future  paper. 

u. — With'  a  few  excsptionB  all  the  above  specimena,  moBt  of 


being  in  my  cabinets,  havs  been  si 
oonfinnad  by  him 


n  by  Mr.  Kidston,  F.O.S.,  and  the  sped 
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NOTES  OX   THE   CAVES   OP  YORKSHIRE.       RY  S.  W.  CUTTRIS8. 

Ihii-l  (Hobf  llli.  1B97. 

TVTRODUCTIO.'J. 

Yorlcahirc  holds  ii  uniqiio  position  in  Englnnd  for  the  number, 
size,  and  variety  of  the  cavpH  and  allied  physical  phenomena  which 
are  containwl  within  its  houndaries.  In  no  other  part  of  the 
country,  except  the  neighbouring  uounty  of  Derbyshire,  which  is 
to  a  large  extent  a  continuation  of  the  same  freological  formation, 
is  the  i-oclc  structuio  so  favoumble  to  their  formation.  Seeing  these 
caves  form  such  n  conspicuous  feature  of  a  large  part  of  the  county, 
it  is  a  matter  of  surprise  there  has  been  no  attempt  until  recently  to 
exploro  them  in  a  systfinatic  mnrmer,  and  study  their  formation  and 
characteristics,  in  the  rt-lation  they  Ijear  to  the  topography  of  the 
country.  From  time  to  time  there  have  Ijeen  careful  examinations 
of  such  caves  as  were  of  interest  from  an  archasological  point  of 
view,  pnncipally  by  Dr.  Huckliind  and  Prof.  W.  Boyd  Dawkins ; 
also  .several  times  within  the  last  furtv  years  attempts,  with  varying 
NuccesN,  have  been  niiiilc  U^  descend  some  of  the  deep  chasms  or  pot- 
holes on  Ingleboiviugli  and  the  neighlwuring  mountains ;  but  so  far 
as  the  writei"  is  aware,  these  invewtigations  have  been  of  a  more  or 
less  spasmodic  natui-e,  without  any  apparent  intention  of  following 
up  the  wcirk  to  a  complete  study  c)f  tlie  subject.  Within  the  last 
few  years  cave  exploration,  as  u  sjsirt,  lias  received  a  large  addition 
to  its  ranks,  but  e^'en  by  the  majority  of  these  the  science  of 
Speleolc^ie  has  been  neijlecled.  To  the  writer  this  branch  of 
geographical  reseai-ch  has  hail  great  attractiotis  for  many  years,  but 
the  nunii)er  of  caves  is  so  large,  and  the  time  available  for  explora- 
tion so  limited,  that  as  yet  only  a  comparatively  small  number  have 
been  thorouglily  investigatcrl  and  planned.  Tn  these  notes,  there- 
foi-e,  there  will  be  no  attempt  to  deal  exhaustively  with  the  subject. 
The  chief  aim  rather  will  l>e  Ui  indicate  a  few  general  conclusions 
arrived  at  from  work  alivady  complet<'d,     At  the  outset  I  wiah  to 
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acknowledge  t]w  valuable  assiHtanco  ftfibrded    by  many  friends  in 
Uifl  Hometlmes  HitBcult  work  of  exploration,  without  whose  co-opera- 
I  ttott  tlie  work  in  many  cases  uould  uot  have  beeu  ucronipliMhed. 

Geological  Division  and  Formation  of  Cavks. 
The  ceoseletiH  action  of  tlio  Hea,  on  the  chalk  cMSv  of  Plant borou^'li 
Head  han  resulted   in  large  chambers  and  tunneb  being  formed, 
Iwhich,   though  interesting  in   their  way,  hardly  come  within  (lie 
I.Kope  of  thene  iiutes.     Again,  the  Oolitic  limestones  lying  to  the 
I  north  of    the  Vule  of   Pickering  contain  a  few  small  caves  and 
I  underground  watercourses,  but  tliey  arc  of  no  great  interest  if  we 
I  except  the   Kirkdale  Cave,  made  famouB  by  the  investigatioDH  of 
[  Dr.  Biicklund  in  the  tuirly  ptirt  <tf  the  prexont  century,  and  winch 
I    gave  occasion  to  the  publication  of  his  "  Reliquiie  Diluviana;."     It 
a  that  part  of  the  cuutity  lying  to  the  west  of  the  great  centi-a! 
I  plain,  where  the  Curl)oniferous  limestones  and  mountainous  character 
of  the  c'l.iuiiti'j-  make   it    particularly  suited   to   the   formation  of 
caverns  and  underground  watercourses,  that  the  lai^est  number  and 
finest  examples  are  found.    Round  Ingleborough  and  the  neighbour- 
ing mountains  they  are  an  ever-present  feature  of  the  landscape, 
some  having  the  form  of  open  chasms  between  300  and   400  fL 
deep,  while  others  have  ramifications  underground  known  to  extend 
for  over  half  a  mile  from  the  entrance. 

The  base  of  the  hills  forming  the  Pennine  Chain — the  backbone 
of  England— is  composed  of  the  Silurian  slates  and  grits,  the  oldest 
rocks  in  Yorkshire,  Upon  their  upturned  edges  has  been  deposited 
a  mass  of  hard,  compact  limestone,  the  Carboniferous,  Mountain,  or 
Scar  Limestone,  as  it  is  variously  called.  This  forms  an  extensive 
plateau,  through  which  the  valleys  have  been  cut,  having  a  gentle 
dip  towards  the  north-east  of  from  1  to  5  degrees,  and  thinning  out 
in  the  some  direction.  Towards  the  west  it  has  been  cut  off  by  the 
Dent  Fault,  ita  furthest  extension  in  that  direction  being  on  the 
Leek  Fells.  Southwards  it  is  terminated  abruptly  by  the  Great 
Craven  Faults.  From  Ingleton  the  main  line  of  fault  runs  through 
Clapham  and  Austwick  to  Settle,  forming  the  Glggleswjck  Scars. 
Thence  it  continues  in  a  due  easterly  direction  by  the  Attermire 
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Scars,  through  Malham  and  across  Wharfedale  to  Nidderdale. 
North  of  this  main  line  of  dislocation  is  another  fault,  very  near 
the  first  one  at  Austwick,  which  continues  eastward  in  a  fairly 
straight  line,  about  a  mile  and  a  quarter  separating  the  two  faults 
at  Malham.  The  long  triangular  area  enclosed  by  these  faults 
forms  a  district  peculiar  to  itself  in  the  character  of  its  caves.  The 
limits  of  the  extension  of  the  Carboniferous  Limestone  towards  the 
north  and  east  cannot  be  so  easily  defined  owing  to  the  dip  causing 
the  rock  to  be  obscured  by  the  overlying  strata.  For  the  purpose 
of  this  paper  we  can,  however,  make  an  arbitrary  boundary.  From 
Leek  Fells  the  line  will  wind  round  Kingsdale,  up  Chapel-le-Dale 
to  the  head  of  Ribblesdale,  then  down  the  east  side  of  that  dale, 
skirting  Cam  Fell,  and  Pen-y-glient  and  across  to  Clapham.  This 
will  include  nearly  the  whole  of  the  Carboniferous  Limestone,  north 
of  the  Upper  Craven  Fault,  which  is  of  interest  from  the  point  of 
view  of  the  pre^sent  subject. 

The  limestone  consists  of  a  hard,  compact  series  of  calcareous 
beds,  mostly  of  a  light  grey  or  bluish  colour,  almost  without  division 
by  shales  or  clay.  On  Gragareth,  Whernside,  Inglelx)rough,  and 
Pen-y-ghent,  it  attains  a  thickness  of  about  500  ft.* 

Above  this  are  a  series  of  shales,  limestones,  and  sandstones, 
collectively  named  by  Prof.  Phillips  the  "Yoredales"  from  the 
valley  of  that  name,  where  they  attain  their  greatest  development. 
The  combined  thickness  of  these  rocks  on  Tngleborough  is  about 
700ft.  t  These  limestones  arc  of  a  different  character  to  the  Carboni- 
ferous Limestone,  being,  as  a  rule,  more  impure  and  in  comparatively 
thin  beds,  with  the  shales  and  sandstones  between.  As  a  result 
they  are  not  favourable  to  the  formation  of  large  caverns  and  deep 
fissures  on  Tngleborough  and  the  surrounding  hills.  Towards  the 
east,  as  in  Wharfedale  and  Nidderdale,  the  Yoredale  limestones 
attain  a  much  greater  thickness,  and  some  extensive  underground 
chambers  have  been  formed  in  them.     Above  the  Yoredales  lies  the 

*Thi8  is  measured  from  the  base  to  the  present  exposed  surface,  which  is 
about  100  ft.  lower  than  the  actual  lop  of  the  Carboniferous  limestone,  allow- 
ing for  a  total  thickness  of  6(K)  ft.,  as  given  in  the  Memoir  of  the  Geological 
Survey  of  the  District,  1890,  p.  24. 

t  Davis  and  Lees,  West  Yorkshire,  1878,  p.  80. 
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B  Millstone  Orit,  which  mtvi'ly  furinx  a  cup  ou  the  muuntoina  in 
W  the  west,  [fix,  however,  to  this  cap  of  han),  inwlublfi  rock  that 
theae  muuutaiiiH  owe  their  preBervalion,  Like  u  lielniet  Uie  cap 
sheda  the  water  fnun  tlit>  lop  ami  pr(it«:t«  the  soIuTjUi  n>ck  brncath. 

The  whole  of  the  Iime§toiie  aiefi  under  consideration  can  be 
divided  into  three  distinct  ftections,  whicli  for  coiiveiiieiife  of 
reference  may  he  classified  as : — 

1st.     The  Yoredales,  including  the  rocks  of  tliat  formation. 

2nd.  The  Southern  Carbon  if eroua  or  Craven  Section,  including 
the  Carboniferous  Limestone  lying  between  the  Upper 
and  Middle  Craven  Faults. 

."Ird.  The  Main  Carboniferous  Section,  campriBing  the  remainder 
of  the  Carboniferous  Limestone  outcrop,  included  within 
the  imaginary  boundary  alrcaiily  defined. 

The  essential  constituent  of  limestone  is  carbonate  of  lime,  with 
which  is  associated  iti  mechanical  admixture  a  greater  or  lens  amount 
of  earthy  impurities.  The  carl»nate  is  capable  of  l>eing  dissolved 
slightly  in  water  charged  with  carbonic  acid  gas.  When  the  water 
is  heated  and  under  great  pressure  it  is  able  to  take  up  a  much 
larger  proportion  of  lime,  but  these  conditions  do  not  apply  in  this 
country.  Bain  water,  as  it  is  precipitated  from  the  clouds,  abRorbii 
a  small  amount  of  carbonic  acid  gas  from  the  atmosphere,  and 
gathers  still  more  from  decomposing  vegetation  on  the  ground. 
Finding  its  way  into  the  cracks  and  fissures  which  are  a  characteristic 
feature  of  the  rock,  it  carries  off  a  portion  as  bicarbonate  of  lime, 
the  remaining  earthy  impurities  being  washed  away  in  mechanical 
suspension,  or  settle  down  in  some  pool  as  mud.  The  cracks  into 
which  the  water  first  finds  its  way  may  be  very  minute,  but  particle 
by  particle  the  rock  in  worn  away,  a  definite  line  of  drainage  is  formed, 
and  ultimately  an  extensive  system  of  underground  watercourses 
and  reservoirs  created.  The  procees  is  very  slow,  but  Nature  has 
no  need  of  hurry.  The  mechanical  eflfect  of  the  running  water, 
assisted  by  the  sand  and  stones  carried  along  with  it,  adds  its 
erosive  action  to  the  chemical  solution  of  the  rock  and  the  channels 
more  rapidly  increase  in  size.  In  process  of  time  the  passages  and 
caverns  sometimes  become  too  large  to  be  self-supporting,  the  roof 
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falls  in  and  a  rugged  gorge  is  formed  which  atmospheric  agencies 
may  ultimately  convert  into  an  open  valley. 

As  the  water  trickles  down  the  subterranean  cavities  partial 
evaporation  takes  place,  when  the  conditions  are  favourable,  a 
portion  of  the  carbonic  acid  gas  is  liberated,  and  solid  carbonate 
of  lime  deposited.  Inequalities  in  the  roof  or  walls  tend  to  lead  the 
trickling  water  to  definite  points,  where  it  drops  off;  the  calcareous 
deposits  at  these  places  gradually  increase  in  size  and  stalactites  are 
formed,  often  of  ex(juisitc  beauty  and  delicacy  of  form.  Usually 
the  deeper  the  cavern  from  the  surface  of  the  ground  the  purer  the 
stalactites.  Where  the  drops  of  water  touch  the  floor,  further 
deposits  take  place,  which  continue  to  grow  upwards  as  stalagmites. 
Given  a  sufficient  lapse  of  time,  both  stalactite  and  stalagmite  unite, 
forming  a  solid  pillar,  sometimes  of  astonishing  dimensions,  and 
these  may  be  fringtKl  round  with  smaller  growths.  Again,  the  walls 
and  floors  of  passages  may  be  entirely  coated  with  a  smooth  semi- 
transparent  calcareous  dep<jsit,  having  the  appearance  of  ice,  and 
the  deception  in  places  is  so  perfect  that  one  constantly  anticipates  a 
fall  when  walking  on  it.  After  a  stream  has  flowed  along  a  passage 
for  some  time,  it  frequently  finds  a  lower  level,  the  old  course  is 
deserted,  and  a  new  one  formed.  In  these  dry  passages  the  deposi- 
tion of  lime  is  more  rapid,  and  it  is  in  the  darkness  and  solitude  of 
such  lonely  recesses  the  explorer  finds  most  of  beauty,  a  charm 
intensified  by  the  novelty  and  weirdness  of  his  surroundings. 

Good  examples  of  the  more  purely  chemical  action  of  water  on 
limestone  are  found  in  the  terraces  and  exposed  surfaces  of  the  rock 
on  Ingleborough  and  the  neighbouring  heights,  especially  Moughton 
Fell,  the  combined  areas  of  which  cover  many  square  miles  of  surface. 
The  smooth  sui-face  of  the  rock,  laid  bare  on  the  retreat  of  the  ice 
during  the  decadence  of  the  Glacial  epoch,  or  having  only  a  thin 
covering  of  drift,  was  exposed  to  the  direct  action  of  the  water, 
which  opened  out  the  cracks  in  all  directions,  completely  honey- 
combing the  surface.  The  fissures  thus  formed  are  many  feet  deep, 
while  the  remaining  ribs  of  rock  are  rounded  and  rotten  on  the  top, 
making  walking  over  them  very  tedious  and  even  dangerous  in  fog 
or  when  covered  with  snow.    The  combined  chemical  and  mechanical 
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actioo  of  wabr  in  hccii  where  ft  xtivam,  descpadJiig  fniui  liigtitr 
ground,  readies  the  limestone,  into  whicli  it  rdpidly  cuts  »  cluinnp!. 
The  gorges  tlius  fomied  are  often  30  ft,  or  40  ft.  deep,  and  occa^ 
sionally  ao  narrow  at  the  top  tliey  may  lx»  Juitipod  ocruss  witJi 
ease.  Sometimes  a  natiiml  bridgp  of  rock  is  left,  whicli  usuAily 
receives  the  appellation  of  Ood's  Brid^.  When  the  gorges  hare 
boon  enlarged  hy  alniiMpheric  denudation,  they  become  clothed  with 
vegetutiiin  and  trees,  funning  picturesque  retreats.  Howatein  in 
Upi^r  Niddordalc,  Ung  Gill  in  Kibble«dale,  and  Yordas  Gill  in 
Kingndale,  may  be  cited  as  good  examples. 

I.— Cavbs  of  the  Yorkdalks. 

Turning  to  ii  conBideratitin  of  the  ca^'cs  themselves,  ami  follow- 
ing tlic  classification  already  defined,  the  fii-nt  to  claim  attention  are 
thiwts  found  ill  the  roeks  of  the  Yoi-wlale  formation.  Towards  the 
west  the  beds  of  limestones  are  of  \-arying  thickness,  from  a  few  feel 
U]>wftrds,  Iieing  intt'rcalatwl  with  Ijeds  of  .shale  and  sandstone,  which, 
being  unaffected  by  water,  prevent  the  formation  of  high  passages  or 
caverns  of  large  area.  Being  small  and  encumbered  with  accumula- 
tions of  fallen  rock  and  dirt,  they  do  not  offer  much  sport  to  the 
cave-hunt€r,  nor  do  they  materially  affect  the  general  drainage  of 
the  ground.  For  these  reasons  I  have  turned  my  attention  more 
particularly  to  those  in  the  other  two  divisions. 

The  Fox-Holes  on  Cam  Fell,  at  an  elevation  of  about  1,600  ft, 
may  be  taken  as  fairly  typical  of  this  class.  They  are  in  the  form 
of  narrow  fissures  roofed  over  with  sandstone,  very  dirty,  rotten, 
and  choked  with  earth,  through  which  the  trickling  water  sinks. 
The  rocks  consist  of  alternate  beds  of  dark  and  light  limestones, 
highly  fossiliferous  (Encrinites),  the  dark  beds  being  a  few  incfaei 
thick  and  the  lighter  coloured  ones  from  Inches  to  feet  in  thickness. 
Above  these  are  soft  sandstones,  while  underneath  shale  appears. 
The  most  interesting  feature  is  the  curious  appearance  of  the 
limestone,  the  water  having  dissolved  out  the  fossils  on  the  sur&M», 
leaving  a  honeycombed  mass  of  rotten  rock  having  very  much  the 
appearance  of  pumice  stone.  The  fissures  will  be  from  25  ft.  to 
30  ft.  in  depth. 
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Travelling  ooMtwards  the  limestones  increase  very  much  in 
thickness  and  hanlness,  containing  many  caverns  of  considerable 
dimensions  and  extent.  Above  Lofthouso  in  Nidderdale  a  tri- 
angular fault  has  brought  the  Yoredale  l)eds  to  the  sui-face.  Down 
to  this  point  the  river  Nidd,  like  other  well-conducted  rivers,  runs 
its  course  above  ground,  then  sinks  out  of  sight  and  continues  its 
underground  course  for  over  two  miles,  appearing  to  light  again 
close  to  the  roadside  below  Lofthouse.  Not  far  from  where  the 
water  sinks  the  underground  passage  can  be  entered  at  an  opening 
called  Manchester  Hole,  but,  being  ol>scured  by  thick  vegetation,  it 
is  easily  unobserved.  Climbing  down  about  20  ft.  the  level  of  the 
water  is  reached,  and  a  commodious  passage  entered.  About  300  ft. 
from  the  entrance  this  opens  out  into  a  chamber  100  ft.  long  by 
40  ft.  high.  At  some  period  of  its  history  it  has  been  completely 
filled  with  earth,  but  the  water  has  since  washed  part  of  it  away  at 
one  side,  leaving  a  steep  bank  of  tenacious  mud,  which  has  to  be 
crossed  by  cutting  steps  in  it.  At  the  further  end  of  the  chamber 
the  water  continues  along  another  passage,  and  by  dint  of  wading, 
scrambling  over  fallen  rocks,  and  crawling  at  full  length  in  the 
water,  the  river  can  be  followed  for  several  hundred  feet.  The  roof 
eventually  comes  down  close  to  the  surface  of  the  water,  which  at 
that  point  is  held  back  by  a  constriction  in  the  passage,  and  further 
progress  is  impossible.  The  rock  contains  fossils  of  the  Prodiictus 
giganteus. 

About  350  yards  l^elow  Manchester  Hole,  following  the  dry 
course  of  tlui  river  on  the  surface  of  the  ground,  is  another  opening 
in  the  face  of  a  low  cliff,  known  by  the  name  of  Goyden  Pot,  giving 
access  to  a  large  chamber  and  several  passages,  along  which  the 
river  winds  its  way.  The  passage  to  the  left,  which  appears  the 
natural  course  to  take,  leads  to  an  opening  in  the  perpendicular  wall 
of  the  cavern,  20  ft.  below  which  the  wat<jr  can  Ix*  heard  rushing 
along  to  still  lower  regions.  By  keeping  to  the  right  of  the 
entrance  passage  the  cavern  can  be  entered  without  difficulty,  and 
some  scrambling  of  a  varied  character  indulged  in.  At  the  far  end 
of  the  cavern  a  descent  of  alx)ut  18  ft.  can  be  made  to  the  lower 
level  of  the  watercourse,  and  if  a  thorough  wetting  is  not  objected 
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U>,  thb  raay  be  followed  (or  several  hundred  feet  until  the  roof  once 
more  sinks  to  the  level  of  the  water.  The  (urtheol  point  it  in 
[KMNiblc  to  i-each  ia  about  coincident  with  one  side  of  tin?  trinngulMr 
fault  The  vertical  descent  from  the  entrance  of  Gtiydcn  Pot 
(which  is  at  an  elevation  of  706  ft.  above  the  sea)  to  the 
"furthest  poaaible"  is  104  ft.,  making  an  average  fall  of  15%. 
From  that  point  to  where  the  water  TMUeN,  a  distance  of  1|  miles, 
the  average  fall  ie  conniderably  under  1  '/._, :  there  in  little  probabilitr, 
ttierefore,  of  ever  being  able  to  furut*  a  paasa^'u  right  through.  An 
examinatioD  of  the  pastiage  of  debouchure  below  Lofthouse,  to  do 
which  means  wading  through  water  4  ft.  deep,  reveals  it  blocked 
entirely  by  a  fall  of  the  roof  some  00  ft.  fi-om  the  opening. 

Goyden  Pot  is  an  interesting  c»ve  to  explore,  and  not  difficult 
of  access  ati  far  a«  the  end  of  tlie  large  cliainber,  but  it  should  not 
be  eut«red  in  doubtful  weather.  Like  all  other  mountain  streams 
the  Nidd  Is  subject  to  Huddcn  and  heavy  floods.  Ah  only  a  limited 
(luantity  uf  wiiter  can  s-ink  ut  Mnnchester  Hole,  the  excess  is 
swallowed  up  by  Goyden  Pot,  making  exit  from  the  cavflm 
dangerous  or  even  impossible  in  a  few  nnnutes.  At  times  of 
heavy  rain  the  cavern  fills  completely,  eloquent  evidence  of  which 
is  observed  in  the  branches  of  trees  firmly  wedged  in  crevices  in 
the  root 

In  the  neighbourhood  of  Trailer's  Gill,  about  two  miles  north- 
east of  Appletreewick,  in  Wharfedale,  is  a  cave  of  a  more  sporting 
character,  from  the  variety  of  difficulties  it  presents  to  the  explorer, 
than  any  other  I  know  of  in  the  district.  Being  little  known  to 
the  inhabitants  of  the  district,  I  give  it  the  name  of  TrolJer's  Cave 
as  indicating  the  locality  in  which  it  is  to  bo  found,  although  on  the 
6-in.  Ordnance  Map  it  is  designated  "  Hell  Hole."  The  first  com- 
plete exploration  of  this  ca^e  was  made  in  1896,  by  five  members  of 
the  Yorkshire  Ramblers'  Club,  Messrs.  T.  Booth,  G,  T.  Lowe,  Lewis 
Moore,  J.  W.  Swithenbank,  and  the  writer.  At  the  head  of  the 
Bkyreholme  Dam  two  valleys  unite — the  one  to  the  right,  down 
which  a  stream  of  water  runs  between  perpendicular  cliiFs,  is  Troller's 
Gill.  Following  the  left-hand  valley,  which  is  dry,  the  entrance  to 
a  disused  lead  mine  (Head  Vein)  is  reached.     On  the  top  of  the  hill, 
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in  a  direction  slightly  to  the  west  of  north,  and  about  200  yds.  from 
the  lead  mine,  is  the  entrance  to  the  cave,  at  the  bottom  of  a  hollow, 
which  is  fenced  on  the  dangerous  side  to  prevent  cattle  falling  down. 
The  entrance,  at  an  elevation  of  8So  ft.  above  the  aea,  gives  access  to 
a  passage,  about  36  ft.  long,  4  ft.  to  5  ft.  wide,  and  some  20  ft.  high. 
At  the  further  end  it  branches  off  to  the  right  and  left.  The 
latter  pasitage  contain.1  a  few  small  chambers  of  no  great  interest, 
except  that  the  walls  arc  studded  with  chert  nodules,  left  protruding 
by  the  dissolving  away  of  the  .surrounding  limestone.  It  has  a 
rapid  upward  inclination,  receiving  a  small  sti-eam  from  the  surface, 
which  flows  down  into  the  right-hand  or  east  passage.  This  branch 
appears  to  end  abruptly  in  a  few  yards,  but  a  close  scrutiny  reveals 
a  low  passage,  the  entrance  to  which  is  blocked  by  a  large  mass  of 
rock.  By  chipping  away  the  corners  a  hole  large  enough  to  squeeze 
through  was  made.  The  passage,  which  is  entirely  waterwom, 
rapidly  decreases  in  size  until  only  large  enough  to  admit  the  body 
at  full  length.  A  waggish  member  of  the  party  christened  it  the 
"  Fat  Man's  Jlisery."  At  the  far  end  is  a  perpendicular  drop  of 
12  ft.  into  a  small  chamber.  On  climbing  down  to  the  bottom,  it  is 
found  to  commuiiicato  with  another  chamber  of  larger  dimensions, 
but  here  the  explorer  is  brought  to  a  sudden  halt  on  a  slippery  ledge, 
as  he  finds  himself  on  the  brink  of  a  chasm  down  which  water  is 
heard  splashing  into  unknown  depths.  Pulley-blocks  were  securely 
,  fastened  to  the  walls  of  the  chamber,  and  each  one  in  turn  was 
lowered  by  a  i-ope  to  the  bottom,  6G  ft.  lielow.  Chert  nodules  of  a 
much  larger  .si/c  than  those  in  the  upper  clianibei's  were  noticed  pro- 
truding from  the  rock  a  few  feet  Itclow  the  ledge      At  the  bottom  is 


L'li  tliL  (ksLtnt  has  to  Ije  made  the  falling 
ihower  lititli  duiuig  the  descent  Several 
pwui'd  mchnation,  ladiate  from  the  bottom 
c  cni-umbeted  with  fallen  stones  and  clay, 
a  small  pool  u  few  jaitls  from  the  first 
iC  cannot  bi  followed,  and  theic  is  no 
on  the  sui-fjLCL  tigum  m  the  ^alle)  Iwlow. 
The  rock  in  the  upper  portion  of  tliL  tH\(,  is  \erj  hard,  and  dark  in 
colour,  while  thut  at  the  bottom  is  lighter,  and  not  so  hard.     The 


a  pool  of  water,  inh>  wliii 
water  forming  a  natui'al  ^ 
passages,  having  a  rapid  u 
of  the  chasm,  but  they  ar 
The  water  sinks  away  in 
one,  su  its  further  courf 
evidence  of  it  jipjx'ariiig 
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temp'raturf  uf  Uit-  waU-r  at  the  Ixit torn  (115  ft,  in  vintkal  (Ipjitli 
from  till!  surfa**)  was  ilj"  F.,  that  of  the  air  being  45V.  At  the 
top  of  thp  olinam  the  air  was  50°,  and  in  the  open  67°  F. 

There  are  many  other  caves  in  Upper  Wliarfedale  and  its  trilju- 
tnr)'  valleys,  in  Ronic  of  which  int«re.stinj^  remains  have  been  fouiiil 
by  earlier  investigators.  The  most  noteworthy  are  Elbolton  Cave 
(Knave  Knoll  Htile)  near  Thorpe,  am!  Dowkabottom  Cave  on  the 
moorlMid  above  Kilnwf  Ontg.  A  ooIlectaOD  of  booM  And  nUoB 
from  the  Utter,  together  with  a  ouetolly-dAwn  plan,  we  preMrrod 
in  the  Mnaenm  ci  the  Leedi  Fhiloeophioel  Soeie^.* 

n. — Catb  or  THE  BouiBiRir  Cabbonirbodb  OB  Cbatsm 

Saonoir. 

Althoitf^  the  YorecUe  rooks  are  geologuxU  j  included  in  Hie 
Otrboniteroai  epooh,  ae  well  ae  the  underlying  limeatone,  to  wliioh 
the  distinctire  name  of  Carboniferoiu  limestone  has  been  given,  j^ 
it  ie  oonvenient  for  the  pnrpoee  of  tiiese  notes  to  separate  the  two, 
and  use  the  title  Carboniferous  only  as  distinguishing  a  particnlar 
kind  of  rock,  and  not  a  geol<^cal  division. 

The  district  included  in  this  section  is  that  lying  between  the 
North  and  Mid-Craven  Faults.  It  is  in  the  form  of  a  long  tri- 
angular strip,  10  miles  from  east  to  west,  and  2^  miles  from  north 
to  south  at  Settle,  its  broadest  part,  where  the  valley  of  the  Ribble 
practically  cuts  it  into  two  portions.  Although,  lithologically,  this  ' 
area  is  part  of  the  Carboniferous  limestone  outcrop,  yet  an  investi- 
gation of  its  caves  shows  them  to  have  distinctive  features  generally 
absent  in  those  north  of  the  line  of  flislocation.  Briefly,  these 
differences  consist  in  the  absence  of  running  water,  and  the  filling 
up  of  the  entrance  with  clay,  Ac,  leather  with  rock  eUbrit  from 
the  overhanging  scars.  The  scars  principally  face  the  south  and 
west,  and  the  dip  of  the  strata  is  about  10°  towards  the  north-east, 
which  is  also  the  direction  of  the  rock  drainage  above  the  Attermire 
and  Langcliffe  Scars.     During  the  Glacial  epoch,  the  district  was 

*(See  the  Prooeedinga  of  the  West  Riding  Geological  and  Polytechnic 
Society,  1859  and  1S64.S.6.  H.  Speight,  The  Craven  and  N.W.  Yorkshire 
Highlandi,  1692,  page  295.) 
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over-ridden  by  ice,  which  flowed  down  the  Ribble  Valley,  and  this 
was  probably  the  principal  agent  at  work  in  closing  the  mouths  of 
the  numerous  caves  in  the  faces  of  the  scars. 

The  well-known  Victoria  Cave,  on  the  face  of  the  LangclifTc 
Scars,  is  about  li  miles  from  Settle.  It  was  (liscovere<l  accidentally 
by  Mr.  Joseph  Jackson,  of  Settle,  in  the  year  of  Her  Majesty's 
Coronation,  whence  the  name  of  the  cave.  Mr.  Jackson  discovered 
many  relics,  including  coins,  pottery,  bone  and  bronze  implements 
(Speight's  "Craven  Highlands,"  p.  119).  The  cave  was  opened  out 
in  1870,  under  the  auspices  of  the  British  Association,  and  lx)nes  of 
the  reindeer,  bear,  bison,  fox,  Aixtic  hare,  «fec.,  were  found  in  the 
upper  layers  of  deposit,  while  those  of  the  mammoth,  hippopotamus, 
and  cave-hyjena  were  discovered  in  the  lowest  ])ed* 

There  are  several  other  caves  in  the  neigh lx)urhood  which  would, 
no  doubt,  yield  similar  results  if  the  necessary  funds  were  forth- 
coming to  enable  excavations  to  be  carried  out.  The  only  other 
cave  which  can  at  present  be  explored  to  any  extent  is  Attermire 
Cave,  on  the  scars  of  that  name,  about  half-a-mile  south  of  Victoria 
Cave.  Having  spent  some  time  carefully  examining  the  cave,  and, 
with  the  assistance  of  Mr.  T.  Gray,  completed  a  plan  of  the  interior, 
I  will  give  a  somewhat  detailtKl  description.  Its  existence  has  been 
known  for  ages,  and  it  was  partly  cleared  for  occupation  at  the  time 
of  the  Rebellion  of  1 745,  as  well  as  during  the  war  panics  at  the 
end  of  last  century  (Speight's  "Craven  Highlands,"  p.  127).  The 
entrance  is  high  up  on  the  face  of  the  scar,  at  an  elevation  of  about 
1,350  ft.  above  the  sea.  On  entering,  the  attention  is  at  once 
attract^jd  by  the  manner  in  which  the  rock  has  been  hollowed  out 
on  one  side,  and  would  suggest  a  considerable  flow  of  water  at  some 
peri(Kl.  Whether  it  was  caused  by  the  natural  drainage  of  the  cave 
flowing  outwards,  or  the  result  of  erosion  by  water  flowing  inwards 
during  the  Glacial  period,  is  a  question  on  which  I  will  not  venture 
to  express  an  opinion.  There  is  now  no  flow  of  water  through  any 
part  of  the  cave,  and  but  for  drippings  from  the  roof  and  walls  form- 
ing a  few  pools,  it  is  practically  dry.     Although  the  entrance  l)ears 

*A   full  description  of  the  cave  and   its  contents  is  recorded  in  Prof. 
W.  Boyd  Dawkins'  "Cave  Hunting,"  1874,  Macmillan. 
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tempenitare  of  the  water  «t  the  botttwa  (116  ft.  in  Terticftl  depth 
from  the  Bu&oe)  wu  i4^*  F.,  that  of  the  air  being  46^*.  At  the 
top  of  the  bhum  the  air  was  50°,  and  in  the  open  67*  ¥. 

There  are  many  other  caTes  in  Upper  Wharfedale  and  ita  trihu- 
tarj  vBllejTB,  in  some  of  whidi  interesting  remains  have  been  foond 
hy  earlier  investigators.  The  most  noteworthy  are  Elbolton  Cave 
(Knave  Knoll  Hole)  near  Thorpe^  and  Dowkabottom  Cave  on  the 
mooriaad  above  Kilnsey  Crag,  A  colleotion  of  bones  and  relics 
from  the  latter,  togethw  with  a  carefully-drawn  plan,  are  preserved 
in  the  Hosenm  of  the  Leeds  Philooophioal  Society.* 

II. — Cavu  op  thk  80UTHKSN  CAaBONiHBous  OB  Craver 


Although  the  T(x«dale  rocks  are  geologically  included  in  the 
Carboniferous  epoch,  as  well  aa  the  underlying  limestone,  to  which 
the  distinctive  name  of  Carboniferous  Limestone  has  been  given,  yet 
it  is  convenient  for  the  purpose  of  these  notes  to  separate  the  two, 
and  uae  the  title  Carboniferous  only  aa  distinguishing  a  particular 
kind  of  rock,  and  not  a  geological  division. 

The  district  included  in  this  section  is  that  lying  between  the 
North  and  Mid-Craven  Faults.  It  is  in  the  form  of  a  long  tri- 
angular strip,  10  miles  from  east  to  west,  and  2^  miles  from  north 
to  south  at  Settle,  its  broadest  part,  where  the  valley  of  the  Ribble 
practically  cuts  it  into  two  portions.  Although,  lithologically,  this  - 
area  is  part  of  the  Carboniferous  limestone  outcrop,  yet  an  inveali- 
gation  of  ita  caves  shows  them  to  liave  distinctive  features  generally 
absent  in  those  north  of  the  line  of  dislocation.  Briefly,  these 
difierences  consist  in  the  absence  of  running  water,  and  the  filling 
up  of  the  entrance  with  clay,  &c.,  together  with  rock  dArii  from 
the  overhanging  scars.  The  scars  principally  face  the  south  and 
west,  and  the  dip  of  the  strata  is  about  10°  towards  the  north-east, 
which  is  also  the  direction  of  the  rock  drain^;e  above  the  Attermire 
and  Langditfe  Scars.     During  the  Olacial  epoch,  the  district  was 

*(See  the  Proceedings  of  the  West  lUding  GaDlogtcal  aad  Palytechnic 
Society,  1856  and  1864-5-6.  H.  Speight,  The  Craven  and  N.W.  Yorksbira 
HigbUnds,  1898,  page  295.) 
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over-ridden  by  ice,  which  flowed  down  the  Ribble  Valley,  and  thia 
WM  probably  the  principal  agent  at  work  in  closing  the  mouths  of 
the  numerous  caves  in  the  faccM  of  the  scars. 

The  well-known  Victoria  Cave,  on  the  face  of  the  Langclifib 
Scars,  ia  about  H  miles  from  Settle.  Jt  was  discovered  accidentally 
by  Mr.  Joseph  JackKon,  of  Settle,  in  the  year  of  Her  Majesty's 
Coronation,  whence  the  name  of  the  cave.  Mr.  Jackson  discovered' 
many  relics,  including  coins,  pottery,  bone  and  bronze  implements 
(Speight's  "Craven  Highlands,"  p.  119).  The  cave  wa<t  opened  out 
in  1870,  under  the  auspices  of  the  British  Association,  and  bones  of 
the  reindeer,  hear,  bison,  fox,  Arctic  hare,  <tc.,  were  found  in  the 
upper  layers  of  deposit,  while  those  of  the  mammoth,  hippopotamus, 
and  cave-hyiena  were  discovered  in  the  lowest  bed.* 

There  are  several  other  caves  in  the  neighbourhood  which  would, 
no  doubt,  yield  similar  i-esults  if  the  necessary  funds  were  forth- 
coming to  enable  excavations  to  bo  cai'ried  out.  The  only  other 
cave  whieli  can  at  present  be  explored  to  any  extent  is  Attermire 
Cave,  on  the  .scars  of  that  name,  about  hajf-a-mile  south  of  Victoria 
Cave.  Having  spent  some  time  carefully  eicamining  the  cave,  and, 
with  the  assistance  of  Jlr.  T.  Gray,  completed  a  plan  of  the  interior, 
I  will  give  a  somewhat  detailed  description.  Its  existence  has  been 
knoun  for  ages  and  it  was  pai'tly  cleared  for  occupation  at  the  time 
of  the  Rebellion  of  1745,  as  well  as  during  the  war  panics  at  the 
end  of  lant  tenturj  {Speight's  "Craven  Highlands,"  p.  127).  The 
entrance  is  high  up  on  the  face  of  tlie  scar,  at  an  elevation  of  about 
1,350  ft  aboM  tin  sea.  On  entering,  the  attention  is  at  once 
attracted  by  the  manner  in  which  the  rock  has  been  hollowed  out 
on  one  side,  and  would  suggest  a  considerable  flow  of  water  at  some 
period.  Whether  it  was  caused  by  the  natural  drainage  of  the  cave 
flowing  outwaiils,  or  the  result  of  erosion  by  water  flowing  inwards 
during  the  Glucial  period,  is  a  question  on  which  I  will  not  venture 
to  express  an  opinion.  There  is  now  no  flow  of  water  tlu-ough  any 
part  of  the  cave,  find  liut  for  drippings  from  the  roof  and  walls  form- 
ing a  few  pools,  it  is  practically  dry.     Although  the  entrance  l>ears 

'A  full  ilL'soriptiun  uf  (liu  uave  and  its  contents  a  reconled  in  Prof. 
W.  Boyd  Dawkins'  "Cave  HuQtiag,"  lUli,  MacmiUan. 
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strong  evidence  of  running  water,  it  is  probable  the  cave  does  not 
owe  its  existence  to  that  action  alone,  but  was  primarily  a  fissure, 
resulting  from  the  development  of  the  neighbouring  fault.       The 
floor  is  everywhere  very  irregular,  being  strewn  with  fragments  of 
rock,  which  in  many  places  are  cemented  together  and  coated  with 
calcareous  deposit.     It  is  narrow  throughout,  varying  from  1  ft.  to 
4  ft.  wide  in  the  passages.     The  Pool  Chamber,  160  ft.  from  the 
entrance,  practically  divides  the  cave  into  two  portions,  the  inner 
one  being  generally  lofty,  varying  from  30  ft.  to  40  ft.  high  (except 
a  small  lateral  passage  at  the  extreme  end),  while  the  outer  portion 
is  comparatively  low,  and  at  one  place  most  emphatically  so.     This 
place,  designated  the  Neck,  is  only  about  15  in.  high  by  12  in.  wide, 
but  even  this  is  larger  than  the  original  dimensions,  as  several  drill 
marks  in  the  rock  show  it  to  have  been  artificially  enlarged  at  some 
time.     On  the  walls,  at  a  level  a  little  above  the  top  of  the  Neck, 
are  stalactite  tide-marks,  which  can  be  traced  to  within  a  few  feet  of 
the  entrance.      When   this   became   blocked   with   clay   the   water 
accumulated  in  a  pool,  and  the  tide-marks  were  formed  at  its  .surface 
by  the  calcareous  deposit.     When  the  ca\  (?  was  cleared  out,  two  large 
conglomerate  blocks  were  left  bridging  the    passage,   about    10  ft. 
above  the  Hoor.     Specimens  broken  off  consist  of  pebbles  of  quartz 
and  sandstone,  with  fragments  of  chert,  the  whole  being  cemented 
firmly  together. 

The  Neck  is  not  the  most  agreeable  place  imaginable  to  squeeze 
through,  especially  if  there  is  4  in.  or  5  in.  of  water  on  the  lx)ttoni. 
By  wriggling  along  at  full  length,  with  a  candle  in  one  hand,  and  a 
bag  containing  the  surveying  instruments,  gripped  by  the  tt?eth,  to 
keep  it  clear  of  the  water,  we  managed  to  pass  the  obst^icle.  On  the 
other  side  another  tide-mark  has  been  formed  for  a  distance  of  a  few 
yards  until  it  merges  in  the  rising  floor.  A  small  chamber  (Pool 
Chamber)  is  now  reached,  about  40  ft.  high,  the  walls  of  which  are 
coated  to  a  considerable  thickness  with  calcium  carbonate.  On  the 
floor  is  a  shallow  pool  of  clear  water,  which  at  one  time  probably 
formed  the  basin  of  a  small  waterfall.  At  a  first  glance  this  appears 
to  be  the  termination  of  the  cave,  but  further  examination  reveals 
a  lateral  passage,  which  descends  rapidly  in  a  series  of  steps.     The 
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wallft,  together  with  the  rockn  fnrniinK  the  ntepH,  are  camplot«ty 
covered  with  a  thick  ice-like  coating  ftt  travertine,  giving  the  steps 
the  appearance  of  a  frozen  cascade  when  viewed  from  the  bottom. 
The  passage  continues  for  aliout  anotlier  150  ft.,  Ijoing  much 
encumbered  witli  fallen  i-ocks  all  cemente<l  fast ;  then  again  it 
apparently  terminate.s  abruptly,  but  by  climbing  down  a  small  hole 
on  the  west  siile,  another  small  passage  can  Iw  followed  for  about 
40  ft.,  when  it  gets  too  contracted  to  permit  of  further  progress. 
The  total  length  of  the  cave  from  the  entrance  is  4(10  ft.  At  one 
time  it  has  l)een  well  decorated  with  stalactites,  but  now  not  a  single 
one  within  reach  ha-s  escaped  the  handn  of  the  vandal.  The  air 
temperature  at  the  furthest  point  reached  was  48'  F,,  and  at  the 
entrance  58'  F.  At  the  bottom  of  the  staircase  a  current  of  air, 
Rulficient  to  deflect  the  Jiame  of  a  candle  quit«  ib",  wa-s  observed 
flowing  outwards  towards  the  entrance.  At  the  Neck,  our  attention 
waa  so  fully  occupied  with  other  mattei-s,  we  omitted  to  otmerve  if 
the  air  curi'ent  was  apparent  there  also.  At  the  south  end  of  the 
Atterniire  Hvav  is  a  high  fissure-like  cave,  partially  filled  with  clay, 
the  longitudinal  axis  of  which  is  a  continuation  of  that  of  the  main 
P&ss^e  in  Atterniire  Cave,  with  which,  I  was  on  one  occasion  able 
to  ascertain,  it  directly  communicates,  although  the  connection 
between  the  two  is  now  blocked  with  claj'.  At  one  time,  therefore, 
the  cave  hail  two  outlets,  the  latter,  probably,  being  the  main  one. 

Assuming  the  majority  of  the  caves  in  this  section  were  either 
fomied  by  water,  oi"  acted  as  drainage  channels,  they  must  be  of 
greater  age  than  those  to  the  north  of  the  Upper  Craven  Fault,  as, 
although  the  latter  are  generally  moi-e  extensive  in  their  ramifica- 
tions and  of  greater  sectional  area,  they  mostly  have  running  water 
in  one  or  other  of  their  passages.  This  absenw  of  rurming  water  is 
also  to  1)1'  accountetl  for  by  the  pifsent  configuration  of  the  ground. 
During  their  formution  the  Carboniferous  Ijimestone  would  in  all 
probability  Ix"  o*'ei'laid  by  the  Yoredale  strata,  which  might  have 
ithe<l  their  drainagi;  towards  the  south,  the  caves  forming  the  drainage 
channels.  At  the  present  day  n<ine  of  this  higher  gmunii  i-emains, 
the  limestone  l>eing  entii'ely  exposed.  The  nwk  drainage  above 
Atterniire  is  now  actually  reversed,  following  the  dip  of  the  strata. 


!  elcvfttiijii  fnuMwi  Ity  Liie  grtHii  Craien  diMiucation, 
u)  Bot«ly,  if  »t  all,  rfiKjviniiihln  fi»r  tliii)  e}iwig«  in  tiw 

A  diBtinctivi3  fciatiii'e  of  thi»<  i^Mrtioii  in  tlie  entire  a1 
:-liola^      For  tt  long  timi-  thiii  ililTi'-rencu  between  two 
trifts  in  tlic  same  formntion  wiw  very  perplexing,  an  pot-l 
irnctcrixtic  of  the  othex  section.      The  soiutiou  of  tlie 
H,  however,  eventually  found  tii  be  quite  niriiple.    A  }Kit-li<>l. 
HI  »  ravB,  in  the  iinlinnry  ayccptntioti  of  thi'  won!, 
■re  or  lean  vertical  pit,  down  which  a  Htream  of  water  pluii^fist, 
eii  U>  an  enoniious  deptli.     (The  deejie"t  at  pi-etient  known  in  *** 't %^^' U-^m-.*" 
intry  is  BowtMi  Pi)t,  in  Kingsdale,  which  Imn  a,  lieptli  of  30S  ft,'^       '^'t^ 
uring  in  iniiid   the  fact  that  here  the  limcstonp  is  entirely  Hr>.,^"''*    «2& 
ered,  esiiept  tor  the  surface  soil,  and  does  not  receive  drain*^.         "      "■ri.S 
rti  higher  grtjunil,  the  one  agent  necesuarj  lo  tlie  fomiAtiiia    ^  '*%i, 

-liulee  is  absent,  v\i.,  a  more  or  less  perennial  stream.     The  r  -^ 

liug  on  the  ground  at  rince  xinkn  below,  without  (.-olleatin^  Ja  w^^fia 
fuoe  HtreainB.     For  tliiei  reiiKou  pot-hole«  ne«<l  never  lie  Itmko]  fut 
ere  limostono  forms  the  highest  ground. 

Sink-holeti   or   swallow-holes    are    ol>served    i 
trift«,   Iwing    nierfly  otnilcal    depresHions  In   tlie  ground  i 
the  disaolviug  away  of  the  i-ock,  at  those  pluoeH  specdally  ^ 
p  for  abnorbing  the  surface  wat^r.     Many  of  these  sinks,  m 
isiderable  size,  are   nn    tbc    open    ground   nbove  the 
irw,  indicating  distinct  lines  of  fiubterranejin  drainage  I 
'thHsaat.  I 


^ 
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ST  ABTHUB  SMITH  WOODWABD,  F.L.8.,  P.G.8,,  OF  THE 

BRITieH    MUBBUM    (NATURAL   HISTORT). 

Plates  XLVI.-XLVIII. 
Family  Sbuionotida. 

LePIDOTUB  SEUI8BBBATUS,  Agassiz. 

Plates  XLVI.-XLVIII. 
1822.     E»ox,   Young  and   Bird,   Geol.   Surv.  Yorkshire  Coast, 

p,  261,  pi.  xvi.,  figs.  7,  8. 
1833.     LepidotUD    ItUiaaimue,   L.   AgUBMiz,   PoisB.    Fobs.,   vol.    ii., 

pt.  i.,  p.  8  (undefined). 
1833.     Lepidoitta  umbonattis,  L.  Agausiz,  ibid.,  p.  8  (undefined). 
1837,     Lepidotus    semiserratun,    L.    Agaasiz,    ibid.,    p.    240,  pis. 

1837.     LepidotuK  rw/otus,  L.  Agassiz,  ibtd.,  p.  247,  pi.  xxxiii.  a, 

fig.  1  (errore). 
1849.     Lepidolus  seviiierratus,  \V.  C.  Williamson,  Phil.  Trans., 

p.  441,  pi.  xl.,  figs.  3,  4. 
1895.  „  „  A.   S,   Woodward,   Catal.    Foss. 

Fishes,  B.M.,  pt.  iii.,  p.  85. 
Type :  Imperfect  fishes  ;  Whitby  and  Scarborough  Museums. 
The  commonest  ichthyolites  of  the  Whitby  Lias  are  remains  of 
L  specieM  of  Lepidottus  now  generally  known  under  the  name  of 
Ziepidohis  aemiserralua.  The  earliest  notice  of  them  appears  to 
>ccur  in  Young  and  Bird's  "Geological  Survey  of  the  Yorkshire 
"^oant,"  where  tw(i  specimens  in  the  Whitby  Museum  are  briefly 
Jesuribed  and  unsatisfactorily  figured.  According  to  these  authors, 
;he  fish  represented  by  the  fossils  "  seems  to  belong  to  the  genua 
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Eaox  (the  pike),  several  species  of  which  have  bony  scales ;  and  it 
seems  most  akin  to  the  Emx  Leverian^is,  or  the  Esax  ChiiefuntJ' 
In  1832  a  slab  apparently  of  the  Whitby  Lias  with  scales  of  the 
same  fish,  was  recognised  by  Agassiz  in  the  Paris  Museum,  and  this 
he  provisionally  named  Z.  fatissimtis ;  about  the  same  time  he  found 
the  caudal  region  of  another  fish,  which  he  believed  to  be  distinct,  in 
the  collection  of  M.  Rdgley,  of  Paris,  and  this  received  the  pro- 
visional name  of  L.  umbonatiis.  In  1834  Agassiz  visited  Whitby 
and  identified  the  fossils  he  had  examined  in  Paris  with  those 
originally  described  as  pikei)  by  Young  and  Bird,  while  three  years 
later  he  published  his  detailed  description  of  the  species  under  the 
name  of  L,  aemiserratus.  Specimens  were  also  identified  in  the 
museums  of  Scarborough,  York,  Newcastle,  and  Oxford,  and  in 
the  private  collections  of  Earl  Fitzwilliam  and  Mr.  Randyl,  of 
Stockton.  At  the  same  time  he  hypothetically — and,  as  it  now 
appears,  erroneously — referred  a  very  imperfect  skull  of  the  same 
fish  in  the  Whitby  Museum  to  another  ill-defined  form,  the  so-called 
Lepido/tis'  }'u(/n,<i7LS  ;  ))ut  tlie  latter  name  proves  to  have  been  appliefl 
chiolly  to  specifically  indeteniiinahh*  fragments  of  the  squamation 
and  opercular  apparatus  of  members  of  the  family  Eugnathidio,  one 
from  Whitby  (Proc  Yorks.  Oeol.  and  Polyt.  Soc,  vol.  xiii.,  p.  :^.7»). 
the  others  from  Lyme  Ileitis. 

Tn  1849  Prof.  W.  C.  Williamson  described  the  microscopical 
structure  of  the  scales;  but  otherwise  no  further  contribution  to 
our  knowledge  of  the  Whitby  Lfpldofus  has  been  made  within  the 
last  half  century.  A  new  detailed  and  illustrated  description  of 
the  fish,  in  the  light  of  the  most  recent  research,  has  thus  become 
requisite  for  comparison  with  the  discoveries  mad(»  in  the  L'pjxT 
Lias  of  the  European  Continent  since  the  studies  of  Agassiz  were 
undertaken.  The  fine  series  of  specimens  mnv  in  the  Hriti^li 
Museum  exhibit  nearly  all  thc^  principal  characters  (^f  the  specicN 
and  these  suffice  for  the  t(»chnical  account  of  the  skeleton  i)f  the 
fish   which  follows. 

The  smallest  detached  skull  (Brit.  Mus.,  No.  35,550)  i^ 
remarkable  for  the  comparative  smoothness  of  its  external  lH>nes. 
It  displays  especially  well  the  whole  of  the  cranial  roof  except   the 
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ethmoidal  region  {pi.  xlvi.,  ftg.  1).  The  roof  is  flattened  in  the 
middle,  but  curvex  sharply  downwards  on  either  side  ;  and  it  slopes 
graduully  with  very  little  convexity  from  the  occiput  to  the  snout. 
The  occipital  bolder  is  overlapped  by  a  single  pair  of  supra^ 
temporal  platett  {».  C),  which  are  isumewhat  fractured  and  displaced 
forwards  in  the  fuxHil.  They  are  transversely  elongated  and 
irregularly  triangular  in  shape,  and  their  acute  apices  meet  in  the 
middle  line.  Their  external  surface  is  smooth  anteriorly,  but 
marked  by  irregular  tuljercles  and  i-idges,  more  or  leas  radiating 
from  the  course  of  the  transverse  slime-canal  in  the  hinder  half. 
The  parietal  bones  {/>«■)  form  a  very  unsymmetrical  pair,  and  their 
a  extent  ei^uals  at  least  une-thii-d  of  the  tutat  length  of  the 
That  of  the  left  side  is  much  the  largest,  the  suture 
between  the  two  elements  being  sharply  diverted  towards  the  right 
in  front  of  an  acute  bend  which  occurs  at  the  level  of  the  transverse 
slime-canal.  This  canal  is  marked  upon  the  bone  on  either  side  by 
a  short  groove,  which  is  directly  continuous  with  a  similar  groove  on 
the  squamosal  hone  (/.),  and  soon  abruptly  turns  backwards  at  right 
angles  to  the  occipital  Uirder.  Tlie  external  surface  of  the  paiietals 
is,  for  the  most  part,  smooth,  with  mei-c  traces  of  tubercles,  and  a 
few  scattered  small  pits,  probably  for  slime  glands.  The  squamosals 
(«^.)  are  long  and  narrow,  truncated  beliind  and  pointed  in  front ; 
they  do  not  extend  so  far  liackwards  as  the  parietals,  but  reach  a 
point  quite  as  fur  foi'wards,  and  ai-e  thus  partly  in  contact  with  the 
frontal  on  either  side.  Their  external  surface  exiiibits  more  ten- 
dency to  rugosity  than  that  of  the  parietals.  The  length  of  each 
frontal  (/>'■)  equals  about  two-and-a-half  times  its  maximum  width  ; 
and  this  pair  of  bones  meets  in  a  very  wavy  median  suture,  which 
exhibits  two  sharp  bends,  and  one  slighter  bend  further  forwards. 
The  frontals  taper  considerably  in  front,  while  their  middle  and 
postero-lateral  portions  are  marked  with  some  rugosity.  Their 
outer  inai^in  above  each  orbit  is  slightly  excavated  for  the  accom- 
modation of  the  upper  plates  of  the  circumoibitjil  ring,  which  are 
partly  shown,  though  much  yrushwl  and  disturbed  on  both  sides. 
These  plates,  so  far  as  preserved,  are  mui-e  strongly  ornamented  with 
tubercles  and  short  ruga:  than  the  cranial  roof ;  and  three  of  the 
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lower  circumorbiwls,  whitrh  luv  well  cxpo§pd  <m  the  left  aide,  exhibit 
the  onmuient  only  in  the  [)ei'ipberal  huH,  where  it  is  Homewhol 
radiating.  The  rmiiains  uf  thti  pustorior  suborbital  a  are  <fuite 
smooth.  Tile  uppormuat  plate  of  this  aoriea,  br.'-<t  show-n  on  tho  IrH 
itidc,  is  in  contAft  with  the  concave  outer  nuir^in  of  the  Hijuajnoaal, 
but  baa  not  mure  than  half  th»  anteni-posterior  ext«nt  of  the  latter 
element;  it  is  quadrilateral,  but  deepest  in  front  and  }!i-atluall_T 
tapering  towards  the  hinder  border.  The  plate  immediately  below 
this  is  clearly  deeper  than  brood,  with  slightly  concave  anterior  and 
inferior  margins.  The  remains  of  the  upper  jaw  are  too  imperfect 
for  description,  but  there  are  traces  of  stout,  stylifoiin  upper  teeth 
towards  the  end  of  the  snout.  The  mandibular  I'omi  are  sharply 
eurvud  inwards  at  the  symphysis,  almost  forming  a  liorse-shoe  bend 
(pi.  xlvi,  tig,  lo) ;  and  on  both  sides  of  the  jaw  the  suture  is  diatjncf 
between  the  long  dentory  bone  (d.)  and  the  comparatively  abort  and 
deep  angular  element  (ay.).  The  preoperculum  is  shown  on  each  sid* 
to  be  a  narrow  ari'hed  bone,  apparently  tapi-riiiK  lo  a  point  above  at 
Dome  distance  beneath  the  ci-aniat  roof  (see  page  339),  and  not  much 
expanded  in  its  lower  half,  where  it  is  marked  by  the  usual  longi- 
tudinal sensory  canal,  from  which  rugose  markings  radiate  backwards. 
The  other  opercular  plates  are  quite  destitute  of  ornament.  The 
operculum  is  narrowed  upwards,  and  its  maximum  width  on  both 
sides  is  shown  to  be  about  two-thirds  its  depth.  The  mazimnm 
depth  of  the  suboperculum  is  half  its  greatest  width ;  and  a  small 
process  is  directed  upwards  from  its  antero-superior  angle.  The 
interoperculum  is  a  comparatively  small  triangular  plate,  antero- 
posteriorly  elongated.  No  branchiostegal  rays  are  preserved,  bnt 
remains  of  the  partly-displaced  squamation  extend  forwards,  evoi 
between  the  hinder  ends  of  the  mandible.  The  Ecales  of  this  regitn 
are  relatively  small  and  very  deeply  overlapping. 

Another  skull,  with  remains  of  the  anterior  part  of  the 
abdominal  region  (Brit.  Mua.,  No.  F.3528n),  is  much  fractured,  bat 
exhibits  more  of  the  cheek-plates  and  dentition  than  the  lost  speci- 
men. It  is  shown  of  two-thirds  the  natural  size  from  the  right 
lateral  aspect  in  pi.  xlvii.,  fig.  1.  The  remains  of  the  frontal 
parietal,  and  squamosal  bones  of  the  cranial  roof  exhibit  a  spam 
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and  rather  coarse  tubercular  ornament ;  but  the  i-elative  proportions 
of  these  elements  seem  to  be  approximately  similar  to  those  of  the 
specimen  already  described.  The  margin  of  the  orbit  (orb.)  is  clear 
on  the  right  side,  being  defined  ais  usual  by  a  complete  ring  of 
circumorbital  plates  (c.  o.).  The  uppermost  circumorbitals,  which 
are  in  contact  with  the  frontal  margin,  seem  to  be  the  largest, 
and  two  are  especially  well  preserved  on  the  left  side,  where 
the  tuberculated  external  surface  is  shown.  The  foremost  of 
these  upper  plates  is  trapezoidal  in  shape,  not  only  forming  the 
antero-superior  part  of  the  circumorbital  ring,  but  also  estend- 
ing  forwards  above  the  hinder  of  the  three  antorbital  plates 
(a.  o.).  Each  of  the  latter  is  deeper  than  broad,  with  a  com- 
paratively smooth  external  surface ;  and  the  three  plates  together 
completely  fill  the  space  on  the  cheek  between  the  cranial  roof,  the 
upper  jaw,  and  the  circumorbital  ring.  Of  the  comparatively 
large  hinder  cheek -plates  or  suborbitals,  only  the  two  lower 
elements  remain  on  the  right  side  (h.  o.)  These  are  irregularly 
trapezoidal  in  shape,  as  indicated  in  the  figun;,  and  their  external 
surface  seems  to  be  rugorte  rather  than  tuberculated.  The  removal 
of  the  upper  suborbitals  has  exposed  the  greater  part  of  the 
hyomandibular  (km.) ;  but  both  this  and  the  jaw  are  too  imperfectly 
displayed  for  precise  description.  Remains  of  a  delicate  lamina 
of  bone,  with  traces  of  a  close  series  of  relatively  small  and  slender 
styliform  teeth  on  its  oral  border,  may  doubtless  be  interpreted  as 
representing  the  maxilla  (nu:.),  and  tliis  bone  is  clearly  deeper 
behind  than  in  front.  The  premaxillie  are  lost,  and  the  maxilla  is 
also  destroyed  on  the  left  side,  where  is  exposed  a  thick,  tooth- 
bearing  bone,  evidently  to  be  regarded  as  the  vomer  (fig.  In).  All 
the  teeth  borne  by  this  element  are  broken  except  two,  and  these 
are  both  stouter  and  larger  than  those  of  the  maxilla ;  tiiey  have 
a  tumid  crown  on  a  styliform  base.  The  mandible  is  very  much 
broken  and  exhibits  no  special  features  of  interest.  Adjoining  the 
posterior  border  of  the  two  lower  suborbital  plates,  the  inferior 
slightly  expanded  and  rugose  end  of  the  preoiierculum  (p.  op.)  is 
well  shown,  and  fractured  remains  of  this  element  are  traceable 
upwards  as  far  as  the  hinder  angle  of  the  squamosal.     Although, 
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tlierefore,  the  preopen^alum  does  not  appe*r  to  reach  tJie  crsnifti 
roof  when  the  <;heek-plal*s  are  aU  in  pmilion.  it  rwilly  cumplete* 
that  extension  beneath  tbe  upper  auborhilals.  the  opercalum  {op.) 
»nd  Huboperculum  («.  o/t.)  ur  similar  to  those  of  the  liut  specimpo, 
and  there  are  alsu  fractured  remains  of  an  interuperculum  (t.  op,)  of 
oomsjiondiRg  proportiuns.  The  cxtenuU  surface  uf  these  bones  in 
not  well  preserved,  but  it  mav  be  noted  that  there  are  no  traces  of 
a  tubercular  ornament.  The  onlj  doubtful  indications  of  branchi- 
ostegal  rays  are  some  fragments  at  the  hinder  end  of  the  right 
mandibular  ramus.  The  head  is  crushed  upon  the  remains  of  the 
trunk  In  such  a  manner  that  the  clavicular  arch  and  post-K;lavicular 
plates  are  obscured ;  but  some  of  the  anleriur  series  of  scales  are 
verv  well  exhibited.  The  median  dorsal  ridge-scales  are  shown  to 
be  at  least  as  small  as  the  adjoining  upper  flank-scales,  and  they  are 
not  produced  into  a  conspicuous  point  or  spine  behind.  The  exposed 
enamelled  portion  of  the  principal  flank -settle.'*  is  deeper  than  broad. 
and  rlie  liiiiri^i  l,..r.!i'r  i~  -.-ritit.^l  in  it'^  lower  half  or  lower  two- 
thirds,  the  acute  denticles  neing  au'ect«d  obliquely  downwards  and 
apparently  continued  as  short  feeble  ridges  on  the  bone  beneath  the 
superficial  enamel.  The  smaUer  upper  and  lower  flank-scales  are  not 
serrated,  but  their  poetero-inferior  angle  is  produced  into  a  slender 
point.  The  right  pectoral  fin  is  enveloped  in  a  mass  of  hard  matrix, 
on  the  surface  of  which  the  characteristic  double  row  of  fringing 
fulcra  (pet.)  is  very  well  displayed. 

Another  more  imperfect  head  in  the  British  Muaeum 
(Ko.  P.5313)  of  the  same  size  as  the  last,  also  shows  the  coarse 
tuberculation  of  the  cranial  roof  and  the  choek-plates ;  but  the 
operculum  and  suboperculum  still  remain  smooth.  The  most 
interesting  feature  of  this  specimen,  however,  is  the  preservation  <d 
the  large,  deepened  [Kwterior  suborbital  (pi.  xlvi.,  fig.  2),  -which 
exhibits  three  distinct  surfaces  of  overlap  (1,  2,  3)  for  circumorbitab 
in  front. 

Still  another  larger  specimen  (Brit.  Mus.,  No.  P.7110)  has  the 
coarsely-tuberculated  and  rugose  cranial  roof  and  cheek-plates,  so 
that  the  comparative  smootlmesa  of  these  bones  in  the  first  skull 
described  is  evidently  a  mark  of  immaturity.     The  operculum  and 
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suboperculum,  however,  still  remain  almost  destitute  of  ornament, 
only  very  few  tubercles  being  observable  on  these  plates.  Remains 
of  the  suborbital  cheek-plates  on  the  left  side  seem  to  indicate  that 
the  series  consists  of  five  elements.  Uppermost,  there  is  the  small 
trapezoidal  plate  already  noticed  in  No.  35,556 ;  next  follows  the 
deep  plate  just  described  in  No.  P. 52 13  (pi.  xlvi.,  fig  2) ;  immediately 
below  this  are  two  plates,  the  upper  one  as  deep  as  broad,  the  lower 
twice  as  broad  as  deep,  which  seem  to  correspond  with  the  single 
plate  shown  just  below  the  fracture  in  No.  P.  3528a  (pi.  xlvii.,  fig.  1); 
and  the  series  is  completed  by  the  large  trapezoidal  element,  which 
is  also  well  displayed  in  the  latter  specimen. 

The  head  of  another  small  fish  in  the  British  Museum 
(No.  P.  7409)  has  comparatively  smooth  cranial  and  facial  bones  like 
the  first  specimen  already  described.  It  is  of  special  interest  as 
displaying  the  maxilla  and  posterior  suborbital  plates.  The  maxilla 
evidently  tapers  in  front,  and  gradually  deepens  behind,  until  it 
terminates  suddenly  in  a  truncated  posterior  end  (pi.  xlvi.,  fig.  3,  mx.). 
The  outer  face  of  this  element  is  quite  smooth,  and  the  anterior 
half  of  its  lower  border  exhibits  remains  of  slender  styliform  teeth. 
Above  the  hinder  half  of  the  bone  there  is  a  relatively  large  supra- 
maxilla  (s.mx.),  which  is  also  smooth  and  delicate,  and  tapers  to  a 
point  at  each  end.  In  the  suborbital  series  the  two  upper  plates 
seem  to  be  fused  together  into  a  very  deep  bone ;  and  there  are  onl} 
two  plates  beneath  it,  as  in  No.  P. 3528a.  Below  the  interoperculum 
there  are  distinct  indications  of  three  or  four  branchiostegal  rays. 
The  scales  of  the  trunk  are  much  displaced,  and  some  of  those 
towards  the  ventral  border  display  not  only  the  normal  small  peg- 
and-socket  articulation,  but  also  an  extremely  produced  antero- 
superior  angle. 

The  teeth  of  the  dentary  bone  are  very  imperfectly  shown  in 
the  specimens  just  described,  but  the  mandible  of  one  imperfect  fish 
in  the  British  Museum  (No.  P. 6394)  appears  to  exhibit  the  complete 
series.  The  teeth  are  styliform,  with  a  short  enamelled  crown,  like 
those  of  the  maxilla,  though  somewhat  larger ;  they  are  uniform  in 
size,  and  regularly  spaced,  and  seem  to  have  been  thirteen  in  number 
on  each  side.      The  dental  series  of  the  premaxilla,  as  shown  by 
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Brit.  Mus.,  No.  P.5223,  is  exactly  similar  in  character  to  that  of  the 
dentary,  but  comprises  only  eight  teeth  (pi.  xlvi,  fig.  4). 

Two  of  the  best-known  specimens  displaying  the  general  pro- 
portions of  the  fish  are  shown  of  one  half  the  natural  size  in  pL  xlviiL 
The  first  of  these  (Brit.  Mus.,  No.  P. 3528)  is  exposed  from  the  left 
ventro-lateral  aspect,  exhibiting  the  head  and  parts  of  all  the  fins, 
except  the  dorsal.  The  second  (Brit.  Mus.,  No.  P. 3527)  is  exposed 
in  direct  side  view,  displaying  the  greater  part  of  the  squamation  in 
undisturbed  order. 

The  head  of  the  first  of  these  two  fishes  (fig.  1),  though  very 
imperfect,  is  interesting  as  confirming  some  of  the  observations 
made  above  in  reference  to  the  other  skulls.  Being  a  small  fish, 
the  cranial  and  cheek-plates  are  very  slightly  tuberculated,  while  the 
opercular  apparatus  is  quite  smooth,  as  usual.  The  deepened 
posterior  suborbital  is  preserved  on  both  sides,  and  the  normally 
single  plate  adjoining  its  lower  border  on  the  left  side  is  here 
divided  into  two  by  a  transverse  suture,  as  in  No.  P.7410.  The 
lowermost  suborbital  appears  as  usual.  The  characteristic  maxilla 
is  seen  on  both  sides,  hut  the  premaxillte  are  broken  away.  The 
rami  of  the  mamlible  (atcL),  viewed  from  beneath,  exhibit  the 
characteristic  inward  curve  at  the?  symphysis,  and  between  them  one 
of  the  ceratohyal  bones  seems  to  be  exposed,  very  narrow  in  front, 
considerably  expanded  behind.  Below  the  opercular  apparatus  on 
the  left  side,  there  are  also  remains  of  about  four  branch iostegal  rays, 
the  ui)perm()st  njlatively  large  and  broad.  Parts  of  both  pectoral 
fins  (p''t.)  are  sliown,  comprising  stout  and  slightly-arched  rays, 
which  are  undivided  for  more  than  half  of  their  length,  but  are  cleft 
disUilly  into  very  fine  jointed  filaments.  About  thirteen  of  these 
rays  are  indicated  in  the  left  pectoial,  but  the  series  preserved  is 
probably  not  complete.  Both  pelvic  fins  (plv.)  are  also  imperfectly 
shown,  and  these  seem  to  be  about  two-thirds  as  large  as  the  pec- 
torals. Their  rays  are  similar,  but  only  about  six  or  seven  in  number: 
and  there  are  traces  of  the  series  of  slender  fulcra  on  the  anterior 
border  of  the  fin  of  the  right  side.  The  distance  between  the  origin 
of  the  paired  fins  is  somewhat  less  than  twice  as  great  as  that 
between  the  pelvic  pair  and  the  anal  fin  ;  while  the  latter  (a.)  seems 
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to  arise  just  in  front  of  the  miiidle  point  between  the  pelvic  fins  and 
the  caudal.  The  rays  of  the  anal  fin  are  rather  ntouter  than  those  of 
the  paired  fins,  and  the  undivided  base  of  eacli  is  relatively  much 
shorter,  being  le^s  than  half  the  total  length  of  the  ray.  The 
broken  remains  of  large,  slender  fulcra  are  observed  on  the  anterior 
border  of  this  fin  ;  and  its  rays,  to  the  number  of  seven  or  perhaps 
eight,  are  separate<l  by  interspaces  somewhat  greater  than  their 
own  width.  The  caudal  fin  rays  (c)  are  observeil  to  he  remarkably 
stout,  finely  subdivided,  and  very  closely  articulated  almost  to  the 
base.  The  aquamation  is  considerably  broken  and  displaced,  while 
many  of  the  scale.s  have  lost  their  external  layer  of  ganoine,  and 
display  the  characteristic  concentric  structure  of  their  bony  basal 
portion.  The  scales  of  the  ventral  aspect  are  smaller  than  those  of 
the  Hank  ;  they  are  almost  equilateral  in  shape,  and  when  their 
hinder  border  is  preserved  it  always  appears  to  be  destitute  of 
serrations.  Only  two  modifiod  scales  are  seen,  and  these  evidently 
bounded  the  anus  in  front  of  the  origin  of  the  anal  fin.  Both  are  much 
enlarged  but  quite  smooth.  The  foremost  (m.  a.)  is  evidently  bi- 
laterally symmetrical,  and  transversely  arched  I*)  occupy  the  median 
line  of  the  body ;  while  it  ends  behind  in  a  broad  point  which  is  sub- 
divided into  short  digitations.  The  hinder  of  the  two  scales  {I.  a.) 
is  thrust  to  the  left  side ,  and  this  is  known  from  other  specimens 
to  be  one  of  a  symmetrical  pair  All  the  scales  preserved  on  the 
caudal  region  are  (juite  smooth  and  longer  than  deep;  and  a  few 
near  the  base  of  the  caudal  fin  are  of  a  distinctly  in-egular  shape. 
The  second  well  presorted  fish  (pi.  xlviii.,  fig.  2)  is  interesting 
as  showing  the  genera!  proportions  of  the  head  and  trunk.  It  is 
imperfect  both  at  the  extremity  of  the  snout  and  at  the  hinder 
border  of  the  caudal  fin,  while  the  ventral  scales  in  the  abdominal 
region  are  clearly  a  little  crushed  downwards;  but  making  due 
allowance  for  thesie  deficiencies,  it  may  be  justifiably  inferred  from 
the  specimen  that  the  length  of  the  head  and  opercular  apparatus 
was  originally  about  equal  to  the  maximum  depth  of  the  trunk, 
which  would  be  conta,ined  approximately  four  times  in  the  total 
length  of  the  fish.  There  is  nothing  worthy  of  note  in  the  remains 
of  the  head  ;  but  the  greater  part  of  the  clavicle  (d.)  is  exhibited 
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behind  and  below  the  opercular  appar&tuB.  Its  flattened  external 
^lo-  in  rather  broad,  aiiiiareiitly  tjuite  smooth  and  destittiU*  nf 
enamel.  Tt  in  bordered  poHteriorly  by  tbe  uRUaJ  enamelled  poEt- 
clavicular  pUtes  (p.  rt.).  of  which  the  two  uppermost  nrv  well  dis- 
playeil  above  the  hardmed  (ilay  CMintiiining  fragments  nf  the  pectoral 
tin.  Their  hinder  margin  doeH  not  bear  any  serrationM,  The 
print^ip&l  scales  of  the  flank  in  the  abdominal  region  are  deeper  than 
broad ;  while  thiHU^  both  dorsully  aikd  ventralty  arc  observed  to  be 
smaller  and  more  nearly  equilateral,  or  even  broader  than  deep. 
Many  of  the  former  exhibit  oonapicuous  serrationa  on  the  lower  half 
nf  thifir  hinder  innr^n,  bat  the  latter  are  entirely  emooth.  On  the 
tail  the  scales  grtwiiially  become  much  smaller,  and  nearly  &II  td 
them  are  broader  than  deep,  with  the  postero-iaferior  angle — 
MometiineN  alou  tliu  ant«ni-ttupurior  an^ie — produced  into  a  slender 
point.  All  an-  quite  smooth,  without  serrations;  while  sodw 
towards  the  ventral  border  and  at  the  base  of  the  caudal  lin  (c.)  are 
very  irregular  in  shape.  At  the  base  of  the  anal  fin  (a.)  there  am 
also  remains  of  the  enlarj;ed  anal  scales.  The  course  ff  the  lat^-ral 
line  on  the  flank  is  indicated  by  a  series;  of  simple  perforations. 
sometimes  with  a  partly  raised  rim,  extending  along  a  row  of  scales 
from  a  point  ju^t  above  the  upper  postdavicle  to  the  middle  of  the 
caudal  pedicle.  No  scale  of  this  row  is  pierced  by  more  than  one 
opening,  and  for  the  most  part  only  the  alternate  scales  apjiear  to 
be  marked. 

The  two  fine  examples  just  described  show  very  little  of  the 
overlapped  anterior  margin  and  the  inner  face  of  the  scales.  These 
features  are  bett«r  observed  in  the  scattered  squamation  of  Brit 
Mna.,  No.  P.iJ223,  from  which  the  originals  of  pi.  xlvii.,  fig8.  2-4,  on 
taken.  Fig.  2  representn  an  abdominal  flank-scale,  imperfect  behiiul 
but  beautifully  exhibiting  the  anterior  overlapped  margin,  which  is 
extended  at  its  antero-.superior  angle  into  a  long  prominence,  aiul 
is  also  slightly  producetl  forwards  antero-inferiorly.  Fig.  3  show* 
the  inner  awpect  of  a  scale,  probably  from  the  postero-dorsal  part  of 
the  abdominal  region.  The  anterior  overlapped  border  exhibits  tht 
characteristic  prominences  noticed  in  the  previous  specimen ;  a  broad 
rounded  ridge  or  thickening  extends  vertically  across  the  middle  of 
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the  inner  face  of  the  scale ;  and  aboTe  this  at  the  upper  margin 
there  U  a  minute  articular  peg.  The  third  scale,  shown  from  the 
outer  aspect  in  fig.  4,  evidently  belongs  to  the  caudal  region,  and 
the  angles  of  its  overlapped  border  are  much  less  produced  than 
those  of  examples  from  the  abdominal  rejpon. 

Taking  into  consideration  all  the  specimens  oF  the  Whitby 
fish  thus  described,  it  is  possible  to  form  a  tolerably  complete  idea 
of  its  principal  t^xternal  cliaracters.  We  are,  therefore,  able,  more 
satisfactorily  than  hitherto,  to  diagnose  the  species  and  determine 
its  relationships  to  the  other  known  forms  of  Lepidotu*. 

The  first  interesting  point  is  tiie  discovery  of  the  vomerine 
dentition,  which  comprises  stouter  teeth  more  adapted  for  grinding 
than  those  <m  the  margin  of  the  jaws.  The  second  most  striking 
feature  is  tlie  new  demonstration  that  the  overlapped  border  of  the 
abdominal  flank-scales  is  as  much  produced  at  its  anterior  angles  as 
in  the  later  fishes  which  are  referred  to  LepidotuK.  The  recognition 
of  the  su  pram  axillary  bone  adds  a  new  feature  of  resemblnnce 
between  Lppu/ottin  and  Dapediua ;  while  the  renewed  demonstration 
of  the  absence  of  a  gular  plate  proves  the  generic  distinctness  of 
even  the  most  generalised  species  of  these  two  types.  For  Lepidolua 
ganinerrntim  is  indoerl  one  of  the  most  generalised  species  of  its 
genus;  exhibiting  no  insified  vertebral  rings,  no  irregular  sub- 
division of  the  cheek-plates  and  supra teraporjils,  and  no  excessive 
development  of  grinding  teeth,  such  as  characterise  many  of  the 
later  forms. 

Cimiparing  the  Whitby  species  with  the  other  known  forms,  it 
is  clearly  most  closely  related  to  the  type  species  of  the  genus, 
Lfpidtitiia  phviixiM,  from  the  Upi>er  Lias  of  Wiirtemberg,  Bavaria, 
Northern  France.  Northamphmsliire,  and  Homerset'ihire.*  It  is  also 
very  similar  to  the  somewhat  smaller  earliest  known  species  of  true 
Lfpidiitiiiit  the  so-called  Prolr'/iuitilnit  gnUincki,  from  the  Rhietic 
formation  of  Neudurf,  near  Landsl>erg,  Upper  Silesia,  t     From  these 

■  Sfc  refLTciii^s  \u  Catnl.  Foss,  FisliPH,  B.  M.,  pt.  iii.,  p.  (H. 

t  R.  Mit^hnul,  Utlicr  einc  nuiie  Lepiilosti-iilcii-gattuug  aus  dem  obcren 
Keuper  C)bcr^cli1cHion><,   Zcitxuhr.  tlcutsch.  gcol.  (^ell.,   1893,   pp.  710-729, 

plB.   «xin..  TXXLV. 
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and  all  other  auffioiently  weU-known  fonna  of  the  genua,  howei 
the  Whitby  fiah  may  be  readily  aeparated  by  the  following 
diagnottM: — 

A  robnat,  round-bodied  speciea,  attaining  a  length  of  somewl 
more  than  half  a  metre.  Length  of  head,  with  opercular  apparati 
about  equalling  the  maximum  depth  of  the  trunk,  and  coni 
four  times  in  the  total  length  of  the  fish.  The  cranial  roof-boi 
and  cheek-plates  more  or  less  sparsely  tuberculated  and  rugose, 
the  maxilla  and  opercular  apparatus  smooth.  Supratemporal  pi 
forming  a  single  synunetrical  pair;  parietals  relatively  large,  exi 
ing  at  least  oyer  one-third  of  the  total  length  of  the  cranial 
both  these  and  the  frontals  meeting  each  other  in  a  wavy,  sharplj 
angulated  suture ;  the  length  of  each  frontal  about  two^tnd-a-l 
times  its  maximum  width ;  suborbital  cheek-plates  four  or  five 
number,  the  one  directly  behind  the  eye  relatively  large 
deepened;  antorbitals  three  in  number,  deeper  than  bi 
Marginal  teeth  slender  styliform,  about  eight  in  the  premaxilla,  and] 
thirteen  in  the  dentar^,  these  of  nearly  equal  size,  those  of  the 
maxilla  slightly  smaller.  Operculum  two-thirds  as  broad  as  deep, 
suboperculum  twice  as  broad  as  deep,  and  the  narrow  preoperculum 
covered  by  the  suborbitals  at  its  upper  end.  Fin-fulcra  moderatelv 
developed,  slender ;  pelvic  fins  arising  nearer  to  the  anal  tlian  to  the 
pectorals  ;  anal  fin  midway  between  the  pelvic  pair  and  the  caudal 
fin.  Scales  smooth  ;  the  principal  flank-scales  slightly  deeper  than 
broad,  with  a  few  coarse  serrations  on  the  lower  half  of  the  hinder! 
margin;  dorsal  ridge-scales  relatively  small  and  inconspicuous;! 
enlarged  median  anal  scale  with  digitate  pectinations  at  its  tapering| 
hinder  end. 


Explanation  op  Plates. 


Plate  XLVI. 
Fig.  Page.| 

1.  LepidottM  seniiserrattis,  Aga^fiiz;rooi  oi  skuW.  _/?-.,  frontal; 
/.,  groove  for  slime-canal ;  pa.,  parietal ;  «.<.,  supra- 
temporal  ;  sq,,  squamosal.     [35556.]  ...         ...  ...     3261 


<1 
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Fig.  Page, 

la.  Lepidohu    temuerratus,     Agassiz;      mandible    of     same 

specimen  from  below,  ag.,  angular;  d.,  dentary.     ...     328 

2.  Ditto;  large  posterior  suborbital  plate,  left  side.     1,  2,  3, 

facettea  for  three  circumorbitals.     [P.5213.]  ...     330 

3.  Ditto ;  left  maxilla  (ntx.)  and  supramaxilla  {n.mj:.),  outer 

aspect.     [P.7409.]         331 

4.  Ditto  ;  dentition  of  left  premaxilla,  outer  aspect.  [P.5223.]     332 

Plate  XLVII. 
1.  Lepidotus  tentiserratiu,  AgaAsiz;  head  and  anterior  ab- 
dominal region,  right  lateral  aspect,  two-thirds  natural 
size.  a.o.,  antorbital ;  c.o.,  circumorbital ;  km.,  hyo- 
mandibular  ;  i.op.,  interoperculum  ;  mx.,  maxilla;  op., 
operculum ;  orb.,  orbit ;  p.op.,  preoperculum ;  pet., 
pectoral   fin ;    a.o.,    suborbital ;    n.op.,    suboperculum. 

[P.3528a.]  ' 328 

lo.    Ditto;  portion  of  vomer  of  same  specimen 329 

2-4.  Ditto ;  three  scales  from  one  and  the  same  fish,  the  first 
and  third  from  the  outer  aspect,  the  second  from  the 
inner  aspect.     [P.5223.]  334 

Plate  XLVIII. 

1.  Lepidotus  nemiiterratnx,  Agas.siz;  imperfect  fish,  left  ventro- 

lateral aspect,  one-half  natural  size,  a.,  anal  fin ; 
c,  caudal  fin  ;  l.a.,  latei-al  anal  scale ;  m.a.,  median 
anal  scale ;  md..  man<lible ;  pft.,  pectoral  fins ;  jdv., 
pelvicfins.     [P.3528.] 332 

2.  Ditto  ;  imperfect  fish,  right  lateral  aspect,  one-half  natural 

size,      a.,  anal  fin;  c,  caudal  fin;  c/.,  clavicle ;  p.c/., 

postelavicular  scales.     [P.3527.]         333 

NoTB. — All  the  specimens  represented  on  these  plates  are 
presenod  in  the  British  Museum,  and  the  numbers  in  square 
brackets  refer  to  the  Register  of  the  Department  of  Geology. 
Unless  otherwise  stated,  the  figures  are  of  the  natural  size. 
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1ST  C.    rOX-snuXaVArB.   P.&8^   of    H.K.   aXOLOnlCAL   SiritTKT.     ^1 
YUUm  XUXLVt. 
Thi!    wrtea    of    «i^t    views,    which    arv    now    published    in 
iMntiniuitiun   of   thijw  gi%'m  Ust   year  of    tlie   neighbourhood  of 
FUmborough   Head  aod  Speeloo.  serve  to  show  the  structure  of 
the  cliHii  at  ihe  ujipiiHitf  honi  of  this  extpjisivf  bay.     The  whoir 
uf  the  vii-WB  m  ttikva  within  b  littV  more  thno  a  mile  of  the  town 
■>f  Ptl«y,  aod  illustrate  very  cteArly   many  of  the  details  of  thi- 
nurthem  ptomontwy  of  the  hay  known  as  the  Cair  Naze,  and  thp 
rvmsrkahle  nvt  nf  nidcs  forniing  Filey  Brigg. 
I  To   those   who   have   studied    the   geology  of    this    6ne    anil 

.  inlerestintt  oiaKt,  the  illuairaLious  require  but  little  explanation, 

a  Hlu>rt  dcacriyitive  notice  of  tfu-  rooks  iroiv.  Imwevtr,  be  aceeptabte 
to  others  who  are  not  so  well  acquainted  with  its  intimate  8t>ractur& 
Filey  Brigg  and  the  neighbouring  cli9^  afford  magniricent  Bectioni 
of  the  middle  portion  of  the  Jurassic  rocks,  and  of  the  Boulder 
Clay  and  other  glacial  beds  by  which  these  are  so  deeply  covered 
along  their  eastern  edge.  The  Jurassic  rocks  here  shown  comprise 
the  sandy  and  calcareous  strata  of  the  Middle  Oolite  which  inland 
form  that  remarkable  range  of  tabular  hills  stretching  from  Scv- 
borougb  to  Black  Hambleton  above  Tbirsk,  where  they  attain  an 
elevation  of  1,300  ft.  above  the  level  shown  in  these  views. 

Filey  Brigg  is  the  eastern  extremity  of  this  extensive  outcrop, 
and  is  cRpecially  interesting  to  the  geologist  from  the  rocks  being 
easily  accessible,  and  from  the  fact  that  great  alteration  takes  place 
in  their  character,  just  before  they  are  lost  beneath  the  waten  ti 
the  North  Sea. 

1.     Filet;  Town  and  Bat  looking  Soothwabd. 
This  is  a  general  view  of  Filey  as  seen  from  the  cli£&  at  the 
northern  end  of  the  town.     The  whole  of  these  cliffs,  which  are  here 
a  little  over  100  ft.  in  height,  and  upon  the  slopes  of  which  the 
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town  ia  built,  are  composed  of  Boulder  Clay  and  other  glacial  beds. 
The  Juraasic  rocks  upon  which  these  rest  are  not  seen  in  this  part 
of  the  bay,  and  probably  lie  at  some  little  distance  below  the  level 
of  the  water.  Patches  of  Liaa  clay,  however,  have  been  found  on 
the  shore  a  short  distance  south  of  the  town,  which  were  at  one 
time  supposed  to  be  in  situ ;  but  there  is  no  doubt  that  they  are 
large  drifted  masses  which  have  been  forced  here  by  the  action 
of  the  ice. 

This  view  helps  to  give  some  idea  of  the  graceful  curve  formed 
by  the  bay  as  it  sweeps  round  towards  Speeton  Gap  and  the  Chalk 
cliffs  of  Flamborough,  distant  between  four  and  five  miles,  which 
were  so  well  illustrated  by  the  series  of  photographs  taken  by 
Mr.  Godfrey  Bingley,  and  described  by  Mr.  Lamplugh  in  his 
interesting  account  published  in  last  year's  Proceedings. 

The  low  cliffs  seen  in  the  picture  are  constantly  being  under- 
mined and  washed  away.  This  seems  to  be  chiefly  eflFected  by  land 
springs  and  other  atmospheric  causes  ;  by  which  means  the  whole 
cliff  is  gradually  set  in  motion,  and  slides  down  to  be  carried  away 
by  each  succeeding  tide.  The  destruction  caused  by  this  means 
is  enormous,  and  taxes  the  full  capacity  of  the  engineer  to  combat 
its  action. 

2.     The    Southern    Side   of   the    Carr   Naze    and    Briqu. 

This  shows  the  cliff  on  the  southern  side  of  the  Carr  Naze 
facing  the  bay,  with  the  Brigg  showing  hazily  in  the  distance 
towards  the  top  right-hand  corner.  Owing  to  this  view  being  taken 
nearly  along  the  strike  of  the  promontory  it  is  much  foreshortened, 
and  the  picture  does  not  convey  an  idea  of  the  length  of  the 
remarkable  reef,  which  extends  about  half  a  mile  beyond  the 
extremity  of  these  cliffs;  these  latter  extend  700  yds.  from  the  angle 
of  the  bay  shown  in  the  foreground,  consetfuently  the  whole  length 
of  this  headland  is  iilwut  a  mile  ;  while  its  breadth  at  the  top  of  the 
cliff,  in  some  places,  is  not  more  than  a  few  yards.  The  cliffs  shown 
in  the  picture  are  mainly  composed  of  stiff  Purple  Bouldei'  Clay  with 
a  few  feet  of  Oolite  rocks  forming  the  narrow  band  at  their  base, 
which  spread  out  on  the  foreshore  in  a  succession  of  irregular  layers. 
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The   Bouldor  Clay  here  ia  remarkably  bard  hjhI  firm,  so  thftl. 

it  frequently  fornw  vertical  or  overhanging  cliffs.      The  effect  of 

■  jduvial  denudation  is  also  very  marked,  ihe  whole  face  of  the  cliff 

f  being  ridged  and  furrowed  iu  a  most  striking  manner ;  tliis  ia  «elt 

ahown  m  the  viev,  hA  perbi^  ntiur  more  dirttortly  ia  As  Uidb 

photogr^ih  imwd  by  the  Somatj'  in  .A|>il,  ieS5. 

At  the  bue  at  tfaii  gmt  hmm  of  Boolder  <Smj  tfaaa  hb 
expooed  &  tew  fert  of  Oolitio  toAm,  iriiioh  an  the  •Mamatad 
rnproaentatiTB  of  the  thiok  faedi  of  ImiBrtoiie  and  grita  ao  wdl 
shown  inluid  ftkmg  the  owtiiem  margin  of  the  Vale  of  Kefcerin^ 

3.    Thi  Wwnrnui  Bmd  <a  tbb  saxi  Cum. 

We  h»Te  bore  another  view  of  then  aame  oliA  aesa  froan  the 
■bore,  in  the  angle  finmed  betwesn  the  pmaoataij  and  Oe  ^aj. 
The  eSeote  oi  idnrial  denadation  in  ■■"'■^•"'''g  the  sorfhee  of  th* 
oUy  IB  here  dearly  ahovn ;  while  the  vectioal  faoea  of  pottioni  of 
the  clif^  with  boiilden  and  lai^  pebbles  i«>jeoting  from  its  aaAn, 
testify  to  its  toughness  and  homogeneous  character.  Another  corioni 
feature  are  the  sharp  points  that  surmount  the  different  ridges; 
these  are  usually  capped  by  a  small  stone  or  pebble  that  for  a  time 
arrests  the  denudation. 

On  the  left  of  the  picture  may  be  noticed  a  mass  of  clay  that 
has  broken  off  from  the  cliff  behind  it,  and  which  before  long  will 
be  carried  away  by  the  action  of  the  waves.  It  is  in  this  manner 
that  the  vertical  faces  of  the  clay  are  formed,  and  the  more  n^iid 
wasting  of  the  cliff  takes  place.  Further  in  the  bay  to  the  sooth  erf 
this,  where  there  are  no  protecting  rocks  at  the  base,  the  clay  ii 
constantly  slipping  down  to  the  level  of  the  wat«r,  and  Isxge  portion* 
are  removed  by  every  high  tide.  Consequently  we  see  that  it  is 
this  narrow  band  of  rock  at  the  base  which  has  enabled  these  clayi 
to  withstand  the  action  of  the  sea,  and  to  form  the  remarkable 
projection  of  the  Carr  Naze. 

These  rocks  are  a  portion  of  the  Middle  Calcareoca  Grit  wbitii 
forms  the  Brigg  itself,  while  fragments  of  the  Upper  Limestone  may 
be  seen  here  and  there  beneath  the  clay.  The  strong  southerly  dip 
shown  in  the  picture  is  continued  across  the  promontory ;  ao  that 


FOX-SraAMOWATe  :    FILBT   BAT   AXD   BRIOO.  341 

on  the  other  side,  which  is  only  100  yards  to  the  aorth,  these  Kocks 
form  a  considerable  cliff,  aa  shown  in  the  following  views,  Nos.  4,  5, 
6,  and  7. 

4.     NoKTHBBN  Side  of  the  Cabr  Naze,  ajjd  Cliffs  towabds 

SCABBOROUnH. 

This  is  a  general  view  of  the  northern  side  of  the  promontory  ; 
It  shows  the  small  hollows  or  "doodles"  into  which  the  rock  has 
been  cut  back  so  an  to  form  a.  very  irregular  but  picturesque 
coast  line.  The  rocks  shown  here  are  representative  of  nearly 
the  whole  series  of  the  Coralline  Oolite.  The  great  floors  of  rocks 
seen  in  the  immediate  foreground,  and  at  the  base  of  the  cliff,  are  the 
upper  part  of  the  Lower  Calcareous  Grit;  alxive  this  comes  about 
30  ft.  of  passage  be<ls,  very  rich  in  fossils ;  while  above  this  there 
are  10  ft.  of  gritty  sandstone,  and  6  ft.  of  alternations  of  shelly 
beds  and  sandstone,  succeeded  by  the  broken  irrregular  oolite  of  the 
Upper  Limestone.  Ou  the  left-hand  side  of  the  picture,  in  the  dark 
part  at  the  base  of  the  cliff,  there  may  be  i>bserved  a  peculiar 
nodular  band.  This  is  the  famous  dogger  or  ball  bed  at  the  top  of 
the  Lower  Calcareous  Grit,  so  well  shown  in  the  large  photograph 
of  the  north  side  of  Scarborough  Castle  Hill  issued  by  the  Society  in 
1883. 

If  the  under  surface  of  the  great  overhanging  slabs  of  rock 
shown  near  the  middle  of  the  cliff  be  examine<l,  they  will  be  found 
covered  with  some  peculiar  branching  forms  whicli  are  supposed  to 
have  been  cylindrical  sponges,  l)ut  their  origin  has  not  been  satis- 
factorily proved.  The  whole  of  these  upper  flaggy  lieds  are  very 
fossil  if erous,  but  from  their  great  hardness  it  is  difficult  to  procure 
good  specimens. 

5.  OxE  OF  THE  Coves  om  the  North  Side. 
This  shows  one  of  the  "doodles"  or  small  coves  mentioned 
above  with  its  accompanying  pool  or  bath.  These  dixwlles  are  one 
of  the  most  curious  features  connected  with  these  cliffs,  and  a 
remarkable  instance  of  the  peculiar  manner  in  which  marine 
denudation  sometimes  acts.     There  are  four  or  five  of  these  doodles 
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ttlu»A  thi>  pnrt  of  Uir  fiUIT,  luid  Chcy  kll  occur  ai  ex«cily  the  B 
geological  liorizon,  that  in,  in  the  \itu*i^e:  betlB  iuunedtately  uvm 
ball  b«(l  of  tUe  Li>w«r  CaluiRH)UH  Grit.  TIicsc  InlU,  whiiJi  aro 
exoewiviUy  Ji«nl,  are  ccintainnd  in  soft  ^andy  strata  10  n.  thick  ; 
ui]tiwt]uciitly  when  tlipy  occur  neu'  th«>  u{>pi!r  ItDiit  nt  the  waves 
thoy   itrL-  .-HMJly  .l.-tiu-itti,   ui.^l   tl».   fii.lU   fnll   -mt.      Tli,^   are  thopj 

rolled  about  bjcMliRMMadiBctidik^Awt^k^  to  bomhod 
tbe  oliff  aad  gri&d  <Mfc  ttw  hoOovv  iMth  in  Ob  «aln. 

Tha  uwa  anh  is  ths  otntn  of  Ae  piotan  •howa  how  than 
oonqiMativslr  mA  Mada  an  Mon  inaililj  dmadai,  ^ule  tiia 
ominotu  crack  that  may  be  aeen  in  the  «liff  abova  aofbem  that  tt 
will  not  be  kng  befion  a  fnrthar  portion  of  diia  diff  ia  lenovsd. 

6.    CuFTi  NoBTB  Ban  or  Oamk  Kaz^  LiM»iia  N.W. 

Tbia  ia  one  of  the  moat  weatarijr  of  the  "doodlea"  aeen  tnm. 
above.  In  fbia  view  Uie  htf^ier  beda  an  better  aeeo.  Their  mote 
mbbly  charaeter  is  hen  i4>parent,  and  oontnate  vet;  Bteikiiigly  with 
the  more  massive  beds  shown  in  the  previous  views.  One  also 
observes  that  the  overlying  Boulder  Clay  is  denuded  into  much 
flatter  slopes,  being  washed  down  by  the  sheets  of  spray  which  pour 
over  these  clifis  during  a  northerly  gale. 

7.     Cliffs  North  of  Cabr  Naze,  looking  R 

This  is  the  opposite  side  of  the  point  shown  in  No.  6,  and  does 
not  call  for  particular  notice.  The  contortion  of  the  rubbly  lime- 
stone below  the  Boulder  Clay  b  rather  better  shown  in  this  view,  a» 
is  also  the  indented  character  of  the  coast  line. 

8.  Cliffs  between  Filey  asd  Gbisthorpe  Bay,  looking  E. 
This  view  is  taken  from  the  the  projecting  angle  of  Gristhorpe 
Cliff,  near  Cunstone  Nab,  looking  S.E.  towards  Filey  Brigg,  which 
is  dimly  seen  in  the  distance.  The  cliff  here  has  an  elevation  of 
250  ft.  and  shows  the  whole  thickness  of  the  Oxford  Clay  and  the 
Lower  Calcareous  Orit  with  a  considerable  amount  of  Boulder  Clay 
on  top.  The  Passage  Beds  and  Lower  Limestone  may  be  found 
here  and  there  peeping  out  beneath  the  Boulder  Clay,  and  were  at 
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one  time  burnt  for  making  lime,  but  these  beds  being  just  at  the  top 
of  the  vertica]  part  of  the  cliff  they  are  not  easy  to  examine. 

On  the  shore,  at  low-water  mark,  close  to  the  left-hand  comer, 
the  Kellaways  Rock  and  Cornbraeh  may  be  observed  when  the  tide 
is  out,  so  that  hero  we  have  one  of  the  most  complete  sections  of  the 
lower  part  of  the  Middle  Oolites  in  this  part  of  the  country.  Most 
of  the  ammonites  obtained  from  the  Oxford  Clay  of  Yorkshire  have 
been  found  in  blocks  that  have  fallen  from  this  cliff. 

The  contrast  between  the  verticol  and  overhanging  cliff  of 
Calcareous  Grit  and  the  more  gentle  slopes  formed  by  the  Oxford 
Clay  and  Drift  is  well  illustrated  in  this  view.  The  numei-ous  joints 
in  the  Calcareous  Grit  have  causal  the  rock  to  weather  into  the 
buttress-like  projections  seen  in  this  part  of  the  cliff. 

Before  closing  this  short  description  of  the  rocks  shown  in 
Mr.  Godfrey  Bingley's  excellent  photographs,  it  may  be  as  well  to 
offer  a  few  remai'ks  on  their  geological  history  or  the  ]>hysicBl 
comlilions  under  which  they  were  laid  down.  During  a  portion  of 
the  period  that  immediately  precerled  the  deposition  of  the  rocks 
shown  in  thefte  cliffs,  there  existe<l  in  this  area  a  condition  of  dry 
land  and  large  estuaries  on  which  fli-urislied  the  plant  beds  forming 
the  coal  seams  of  the  Lower  Oolite. 

Towards  the  close  of  this  jieriod  the  land  sank,  more  on  this 
side  than  to  the  west,  anil  tlie  thin  fossiliferous  l)ed  of  the  Corn- 
brash  was  laid  down  in  a  comparatively  .sha]l[>w  sea,  where  in  course 
of  time  its  piiilifio  fauna  was  overwhelmed  liy  the  great  inrush  of 
sands  and  sandy  mud  that  fi>nned  the  Keilawuys  Rock,  here 
however  probablj'  reaching  nearly  their  eastern  limit.  The  soui'ce 
of  these  sands  appears  tn  liave  been  from  some  ancient  land  away  to 
the  west  of  Thirsk,  where  the  rock  attains  its  maximum  development, 
while  the  shales  of  the  Oxford  Clay  above  Ijecome  very  thin  if  they 
do  not  entirely  disappear.  The  curious  inU-rlacing  of  these 
formations  in  the  west  leads  to  the  idea  that  they  are  to  a  certain 
extent  contemporaneous,  and  it  is  prolmhle  that  the  deeper  water 
about  Gristhorpe  led  ti)  the  deposition  of  the  argillaceous  beds  of 
the  Oxford  Clay  here,  while  more  sandy  l>eds  were  being  formed 
nearer  the  shore  line  to  the  west. 


Afl«r  «  tnw^  prafasUT  &im  tbr  fntdti^  lilling-up  of  this  uta. 
Madr  hnj»  vnr  aAui  ifejuaiwd.  *im1  lh«  umtliliotui  lienunv  mnn- 
bvDwaUe  fcv  tin  [wiyi^wMi  ti  ■  nwrtnr  tmaim  which  throughoui 
■art  «<  tfae  InglHr  roeks  botwui  tolntmlilv  abaniluit. 

TU(  ««•  MccmM  hjr «  hng  iDl«n«]  of  limi^,  during  whiiit 
*  i^i^t  lliift-|ir»  1^  Cpfwr  Juwaoc  daps  Cn:t«n^>U&,  Mid  [XMsiblv 
<rtim  RM:k>  am  fntinnL  Id  cnmc  iif  timp  thme  «««  elcvnlnl 
■boTT  tbr  na  and  mAwmI  «t«iMW  tlmuiUtiun,  lutving  bcm 
mlinJT  rvnoTcd  frais  the  arva  nnrtli  trf  PUty  bcAirr  the  commmcc- 
inmt   (if   tbr  utbrr   gTv»t   {wrinl    wv   hatp   e^idencv   of    in    Uibi« 

As  In  tlK  nr^pn  aiu)  aj^  iif  th«  BiiiiMa-  Clay  tttere  is  coiunder* 
Me  ilifrnsMv  of  ttfinkn  mmmtpt  gmiagvtK,  Iwl  it  im  more  geoenJIr 
nwmdMi  that  it  b  the  i^udait  of  Uod  toe  lu  Mime  form  or  ttthei. 
IloaldT  C^T  awl  isthrx  gUrial  ilrpimLs  arr  fiiund  in  considerable 
thick] w«  ali  aJuo^  ibi'  naut  and  ilown  the  gmt  central  vallev  of 
tbe  vtxmtf,  w)ul»  tbfr  interior  OMwrUnd  hills  between  are  entirplj 
ftTii'  fni«n  anr  hed»  if  this  natorr.  It  is  therrforc  clear  that  ihesr 
hilN  riin.,t  li*(f  M'.(.i  u[.  itKiT.-  tli^  MM  of  W  that  summndwl  Ihe.u. 
Fn.m  an  .-v.,TN,n  iU-n  .-r  tl,-  -f.i,^-  i,i,>hi.!,^!  i„  tii.>  ^lay  it  .- 
generallr  ailniitted  that  a  large  portion  of  the  clay  found  in  the 
Yale  of  York  came  from  the  western  moorlands,  while  that  of  the 
coast  is  mainly  derived  from  ScAodinavia.  The  great  ice-sheet 
which  pnxluced  this  clay  most  have  ground  against  the  coast  with 
prodigious  force,  tearing  up  the  lar^  masses  of  shale  that  have  beeo 
fouud  at  certaio  points,  and  piling  up  the  ridges  of  sand  and  gravel 
tlMt  «^HX'ur  on  the  summit  of  the  hills  at  Speeton  and  Irton,  600  ft 
ahove  the  preseut  level  uf  the  sea.  By  this  means  the  drainage  of 
the  country  was  completely  altered,  all  the  streams  flowing  to  the 
east  being  entirely  dammed  up  and  forced  to  cut  for  themselves  new 
passages,  a»  i^i  so  strikingly  esemplified  by  the  Derwent  at  Ayttm 
and  Mai  ton. 

Ou  looking  at  these  phoU^raphs  it  is  interesting  to  notice  the 
great  variations  in  climate  that  have  taken  place  during  the 
formation  of  the  rocks,  showing  temperatures  ranging  from  the 
almost  tropical  seas  that  produced  the  corals  in  the  litnestoDe  to  the 
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arctic    cold    that    existed    during    the    deposition    of    the    clajia 
immediately   above   them. 

On  the  dixappearonce  of  the  ice  both  marine  and  sub-aerial 
denudation  af^ain  became  very  active,  and  the  old  bays  and 
clepressionB  of  the  coast,  which  had  become  obliterated  by  the  clay, 
were  carved  out  afresh  to  their  present  form.  That  this  denudation 
is  still  rapidly  going  on  there  is  abundant  proof,  some  parts  of  th() 
coast  being  stated  to  waste  as  much  as  from  2  to  4  yards  in  the 
year,  so  that  in  course  of  time  Filey  Bay  may  be  enclosed  by  lofty 
clifb  of  Chalk  and  Oolite  with  a  small  tidal  river  entering  the  sea 
between  its  shores. 
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NotwithstATiilinic  tlic  monnoaii  d^Telupuient  of  glacial  deposita 
in  Eft«t  Yorkuliirc,  j^laciat^  rock  Hur£ac«>H  wpre  until  recently  cwn- 
parativf>]y  ijuice  unknuwn.  The  ohitt  rmwon  for  thin  \a  no  doubt  iW 
litlicilogJL'al  ohamc-tiTr  of  thu  Secondary  strata,  which  conHtitui<- 
the  solid  gwlngy  "^  '•'''  I*""^  '^^  t^'"  county.  The  soft  shal<s  and 
aandstonCH,  of  wliii^li  tlic  Junuvit;  rocks  chiefly  consist,  «)uld  i»n< 
be  expwtwl  to  xtand  siiHidently  firm  under  the  pressure  of  liir 
icp-nliw-t  to  i-Pcoivp  such  markings,  uor  yet  to  preserve  iIk-bi  if 
by  any  aocidont  nucii  iiiiprewiions  had  bwn  made.  The  samr 
rernnrkit  apply  to  the  Cretaceoua  rocka,  althoagh  some  of  Ui? 
indurated  layers  of  the  Chalk  with  flints  might  poNsibly  liave 
taken  striiis  hfid  the  local  conditions  of  glaciation  been  favourable 

Almost  the  only  nx-ks  on  which  there  was  any  priilmhifiti 
.,f  these  markin««  Ix^in.u'  preserve.l  he-.-  (lie  Imid.-r  linL-.i-nt-^  .^f 
the  Middle  Oolite,  and  the  ironstone  bands  of  the  Ix>wer  Oolite 
and  Lias ;  and  it  is  precisely  on  these  rocks  that  such  markings 
have  at  length  been  found. 

The  first  discovery  was  that  recorded  by  Mr,  G.  W,  I^unpluefa 
in  the  "  Proceedinpt"  of  this  Society  in  1891,*  where  he  mentiiMU 
that  the  highest  bed  of  the  Oolite  series  of  Filey  Brigg  Bhowed 
glacial  striations  having  a  direction  N.  20°&  These  markingi 
occurred  at  the  south  side  of  the  Carr  Naze,  at  the  spot  where 
the  solid  rock  disappears  from  the  coast  line  under  the  drift, 
a  few  yards  to  the  left  of  the  section  in  plate  LI. 

In  1S96  Messrs.  ^heppard  and  Muff  recorded  in  the  OWialiit'i 
Magazinet  similar  striations  on  a  surface  of  Estuarine  SandatoM 
exposed  in  a  quarry  north  of  Robin  Hood's  Bay,  the  dir«ctioa 
of  the  striations  being  given  as  due  north  and  south. 

•  Vol.  XI.,  Part  iii.,  page  401. 
t  Sept.,  1890,  pages  S2,  S3. 
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Numerous  instances  of  well-marked  terminal  curvature  and 
xuperficial  contortion  of  the  Holid  strata,  undoubtedly  due  to  glacial 
action,  have  been  noted  on  the  Yorkshire  coast,  and  recorded  by 
many  geologists ;  this  evidence  confirming  that  of  the  striie,  an 
regardti  the  <lirection  of  the  movement  of  the  ice. 

To  the  above  exanipleH  we  are  now  able  to  add  a  further 
instance,  on  a  more  extended  scale,  in  the  vicinity  nf  those 
already  described,  near  Filey  Brigg.  The  surface  described  by 
Mr.  Lamplugh  is  rarely  visible,  being  usually  hidden  under  slip 
from  the  high  cliff  of  drift  above  it.     But  on  the  other  side  of 


the  promontory  (see  pUtes  LIT.,  LIV.,  and  LV.),  I  have  found  that 
the  prolongation  of  the  same  rock  surface  in  that  direction,  au 
seen  in  the  ledge  of  rock  above  the  picturesque  shallow  caves 
known  as  the  "  Doo<lles,"  is  distinctly  glaciated  over  a  considerable 
extent.  The  irregular  concretionary  knobs,  which  stand  up  above 
the  general  plane  of  l>edding,  perhaps  .show  the  markings  the  best ; 
but  they  can  also  be  trace<l  more  or  les.s  clearly  alon;<  the  rocky 
leflge  immediately  l)flow  the  drift,  for  a  ilistiince  of  at  least 
400  yards. 

A   group  of  strife    is    visible    near    the    western   end    of   the 
glaciated  sui-facc,  immediately  east  of  the  Spa  Nab  (plate  LIV.) ;  and 
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itie  diiwetiuiw  of  thr  •triw  ak  tax  potnU  h  few  jnnlii  Kpnrt,  »'■■ 

M  W)o*»:-<L)  N.  IB'K..  (11.)  N.  16'K.,  (HI.)  N.  10  K 
<IV.)  N.  WE.,  (V.)  N.  l.VE.,  (VI.)  N.  sr.'E.;  giving  »  lunu 
tluvriion  <if  N.  IK'E. 

Two  handnxt  yairls  wwlwftrd  of  the  fnregnitig  group,  nrmr 
tJic  ivecoud  "  l>uo(f}i>''(pI»t«  LV.),  at  four  |M)int«  twenty  yards  ftpjui, 
Uw  stria-  read  llio»  :  (1.)  N.  20E..  (II.)  N.  30'E.,  (IH.)  N.  i'OH. 
(VI-)  N.  25'E.;  mean  duvctioii  N.  •2VIL 

It  will  thus  bo  H«ii  that  the  gf?ncml  din'ctivn  of  the  Klnir 
agT«««  closely  with  the  direction  imtwi  on  the  soath  aide  of  tin: 
Brisg  hy  Mr.  LAmfitogh,  It  is  also  wifrth  noting  tlmt  the  mroii 
diiTction  of  the  ewit«ru  gixiup  (2nd  Doodle)  is  tiix  de{;re«8  m<vv 
to  the  waul  uf  north  than  the  mean  direction  of  the  western  group 
(Spa  Nab). 

The  strititod  surface  in  about  40  fmt  above  high-watf^r  marli. 
and  ilijw  three  ur  four  deffre«*  to  the  south-cowt.  The  overlying 
drifts  «rp  70  feet  thick,  and  cainsiRt  of  boulder^jlays  of  the  tyjir 
uGual  uu   the  Yurkiihiru  cuuAt  (plaUx,   I.  and   1.1.). 

Where  the  striw  are  seen  there  is  a  complete  absence  of  the 
local  rock  rubble,  which  usually  intervenes  between  the  boulder 
clay  and  the  solid  strata,  and  which  is  so  abundantly  developed  in 
most  of  the  adjacent  sections.  It  is  evident  that  for  some  reason 
or  other  the  pressure  of  the  ice-sheet  at  this  place  was  sufficiently 
great  to  sweep  away  all  the  loose  weathered  material,  and  thus 
to  reach  the  hard  unbroken  calcareous  band  on  which  the  markings 
are  preserved. 

Further  evidence  of  the  exceptional  pressure  exerted  in  this 
locality  is  furnished  by  the  sections  a  few  yards  to  the  weet  of  the 
striated  surface  (plates  LIV.  and  LV.),  where  the  beds  are  super- 
ficially contorted  to  a  depth  of  eight  feet. 

The  reason  for  the  extra  pressure  at  this  place  may,  I  think, 
be  readily  explained.  The  high  ridge  formed  by  the  Middle  Oolites 
to  the  north  (plate  LVI.),  which  would  necessarily  constitute  a 
barrier  to  the  movement  of  the  ice,  sinks  down  at  this  point  low 
enough  to  permit  access  to  the  wide  pre-glacial  depression  of  the 
Vale  of  Pickering.     And  the  great  mass  of  the  drift  deposits  which 
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now  blocks  the  mouth  of  this  valley  shows  clearly  by  its  character 
that  a  tongue  of  ice  passed  inland  at  this  point  for  some  distance. 
The  striie  are  close  to  the  place  where  the  great  inland  curve  would 
occur,  and  where,  therefore,  considei'able  augmentation  of  the 
preiviure  in  the  basal  layers  of  the  ice  might  be  expected. 

For  the  map  illustrating  these  notes  I  am  indebted  to  my 
friend,  Mr.  W.  H.  Crofts. 


3n  /Dcmorlam. 
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^F  Anioni;    the    liiwo«  Rimtnitird    \iy    our    Siifietj    ^ 

ytMiFH,  nuni.'  luM  been  mure  tiiacvrely  frit  than  tliHt  < 
fririid    uml    isi-workt>r,  Mr,  TUoiuhh  TiiU-,  F.O.S.     F<tr  idhii}-  yi»r> 
Mr.  TaU-  wa*  n   cHnHint^iit  .xupjHirUT  of   our    Society,  «nd  oue  of 

I  its  most  active  workprn.  He  wn*  pIccU-*!  a  im'.mliw  in  thn  j-ear 
1875,  ttiii),  on  the  ap|Niiiitiii<.-nl  of  Local  SccrcUiriiw  to  eumint  tJir 
fii^m-ml  Sf-ctvtury,  Mr.  Talt  Uwiinie  Loia!  Secretary  (or  the 
Brnttfoi-i!  District  witli  a.  wnt  im  tiw  Comicil,  retain inf;  thi» 
ponitiou  until  October,  lf*m,  when  hr  n'signcul  in  fnTonr  of  the 
)ircM!iit  Locttl  Secrettti-y,  Kir.  J.  E.  WUsun.  At  the  Annual  Oeuenil 
Mmtin^,  hrld  nt  thit  Grttiiinuu-  HduHil,  Briutfonl,  on  Kovembctr  7th, 
18114,  Mr.  Tate  wkm  rli-cUil  an  thu  Council  to  fill  the  vncuicv 
causeil  by  the  retii-ement  of  Mr.  C  Fox-St  rang  way «,  who  Wl 
left  York«hir.',  iui.i  thi«  j„.^<ili...i  In-  hehl  until  lii-  .lew-u*--. 

Mr.  Thomas  Tat«  was  a  native  of  Leeds,  having  been  bom 
there  in  1833.  After  leaving  school,  at  fourteen  years  of  age, 
he  entered  the  warehouse  of  Messrs.  A.  &  S.  Henry  &  Co.,  and 
continued  with  that  firm  on  their  removal  to  Bradford,  """fining 
in  their  employ  until  he  commenced  business  for  himselt  in  the 
stulT  trade,  when  about  thirty  years  of  age.  During  a  period  of 
bad  trade  in  Bradford,  when  many  lar^  firms  of  stuff  and  wool 
merchants  failed,  he  closed  his  warehouse  and  disposed  of  bin  stock. 
For  many  years  he  had  devoted  much  of  his  leisure  to  scientific 
studies,  including  botany,  entomology,  and  geology,  attending 
evening  classeN  for  instruction.  He  was  also  an  early  member  ot 
the  Bradford  Scientific  Association,  of  which  he  was  Tice-Frendent 
when  the  first  series  of  Gilchrist  lectures  was  given  at  Bradford. 
He  also  gave  a  series  of  lectures  on  Geology  to  the  members,  and 
conducted  several  excursions  to  places  in  the  Bradford  basin,  with 
the  principal  geological  features  of  which  he  had  become  thoroughly 
acquainted,  as  well  as  with  those  of  the  upper  valley  of  the  Aira; 


He  also  conducted 


for  the  study  of  pond  life,  and  oon- 
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tributed  to  the  *  Naturalist '  an  excellent  paper  on  the  organisation 
of  the  Water  Flea  (Daphnia  piUex)  in  1875. 

In  1879,  in  conjunction  with  Mr.  Walter  Morrison,  of  Tarn 
House,  Mai  ham,  and  several  members  of  the  Yorkshire  Geological 
and  Polytechnic  Society,  he  conducted  an  investigation  of  the 
sources  of  the  River  Aire,  tracing  the  water  from  Malham  Tarn  to 
the  springs  at  Airehead,  and  the  stream  issuing  from  the  base 
of  the  cave,  by  opening  the  sluices  of  the  Tarn  and  flooding  the 
intervening  district  containing  swallow  holes  through  which  the 
water  escapes,  and  observing  its  re-appcarance.  Acting  as  Secretary 
for  the  party,  he  prepare<l  a  report  of  the  investigations,  which 
was  read  before  the  Society  and  published  in  the  Proceedings, 
along  with  a  second  paper  on  an  intermittent  spring  at  Malham. 

On  retiring  from  business  Mr.  Tate  resolved  to  devote  himself 
to  scientific  study  and  teaching,  and  in  order  to  become  thoroughly 
prepared  for  the  work  he  took  several  courses  of  instruction  at 
the  Royal  School  of  Mines,  etc.,  South  Kensington,  and  at  the 
Yorkshire  College,  Leeds.  For  some  time  he  conducted  a  geological 
class  at  the  Bradford  Mechanics'  Institute,  which  was  the  means  of 
inclining  many  young  men  to  pursue  a  course  of  geological  study. 
On  returning  to  reside  in  Leeds,  he  lx»came  a  popular  and  successful 
teacher  of  science.  He  had  classes  at  Bradford,  Harrogate, 
Leeds  Mechanics'  Institute,  Ampleforth  College,  Malton,  Dewsbury, 
Barnsley,  and  other  Yorkshire  towns.  His  subjects  were  chiefly 
Biology,  Botany,  Physical  Geography,  and  Geology.  He  was  a 
diligent,  thoughtful,  and  ardent  student,  and  a  kind  and  painstaking 
teacher,  endeavouring  to  interest  as  well  as  instruct  his  pupils,  by 
whom  he  was  generally  loved  and   respected. 

In  November,  1891,  he  was  appointed  Secretary  to  the 
Yorkshire  Boulder  Committee,  in  succession  to  the  late  Mr. 
S.  A.  Adamson,  F.G.S.  Soon  after  l)eing  appointed  Secretary  he 
was  commissioned  by  the  Committee  to  visit  the  Lake  country  to 
examine  its  physical  and  geological  features,  and  to  collect  such 
specinujns  of  the  rocks  of  the  district  as  would  enable  students 
to  identify  boulders  from  them  found  in  any  part  of  the  country. 
Numerous  specimens  were  collected  and  labelled  on  the  spot, 
and  afterwards  sections  were  carefully  prepared  for  the  microscope. 
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In  addition  to  his  nuineroiui  dawcm  he  was  always  readj  to 
give  a  helping  hand  to  looal  soientifio  soeietiea.  In  oonneeiion  with 
the  Leeds  Geological  Society,  for  instance,  he  conducted  ezenrsiou 
to  several  places  of  geological  interest^  and  wrote  papen  on 
Petrology  and  other  geological  subjects  for  their  monthly  meetingL 

The  following  papers  were  contributed  to  our  Prooeedings  faj 
Mr.  Tate : 

<«The  Glacial  Deposite  of  the  Bradford  Basin"  (1875); 

'*The  Source  of  the  River  Aire"  (1879); 

"Note  on  an  Intermittent  Spring  at  Malham"  (1879); 
Yorkshire  Petrology,  Part  I."  (1888); 
Yorkshire  Petrology,  Fbrt  II.,  The  Lamprophyrea  **  (1889); 

«0n  the  SoKsalled  Ingleton  Granite"  (1891);  and 

<^The  Malham  Dry  River  Bed"  (1896). 

His  last  contribution  to  Geolc^  was  a  pap^  on  "  Yorkahiie 
Petrology,  Part  III,  Analyses,"  which  he  read  in  abetract  at  the 
Annual  General  Meeting  of  our  Society,  held  in  the  Town  Hall, 
Wakefield,  on  Thursday,  Ooto])er  29th,  1896.  The  last  communi- 
cation receive<l  from  him  by  the  Hon.  Secretary  was  a  promise 
to  prepare  this  pai)er  for  the  press,  but  as  no  finished  manuscript 
has  l)een  found  amongst  his  iwipers,  it  is  evident  that  his  sudden 
and  unex|HK'te<l  death  pi'event^Ml  him  from  completing   this  work. 

He  wius  a  man  who  had  a  passion  for  hard  work,  and  was 
constantly  busy.  He  was  noted  for  conscientious  and  careful 
investigation,  and  was  much  respected  for  his  uniform  uprightness 
of  thought  and  life.  He  had  a  considerable  influence  over  young 
men,  and  always  impressed  those  who  came  into  contact  with 
him,  with  the  honesty  of  his  convictions  and  with  his  firm 
courage  in  maintaining  them.  He  attended  his  classes  to  within 
a  few  days  of  his  death,  and  though  his  health  had  been  failing 
for  some  months,  the  end  came  with  unexpected  suddenness,  and 
was  a  great  shock  to  a  large  number  of  friends  and  pupils  by 
whom  he  was  gn*atly  esteemed.  He  i)assed  away  at  his  residence, 
Eldon  Mount,  Ix'eds,  un  April  27th,  1897,  aged  C»5  years,  and 
was  interred  at  Woodhouse  Cemetery. 

W.  L,  C. 


3n  /Dcmoriam. 

JOHN   8TANLEV   TUTE,    B.A. 

The  Rev,  John  SUnley  Tut*-,  B.A.,  late  vicar  of  Markington, 
was  born  at  Wakefield,  on  the  21st  April,  1823,  and  died  at 
Markington,  on  the  24th  December,   1897. 

Owing  to  the  early  death  of  his  mother,  and  to  the  fact 
that  his  father  (after  a  second  marriage)  had  gone  out  to  Australia 
as  a  schoolmaster,  young  John  Stanley  was  left  to  the  care  of 
a  relative.  Miss  Stanley,  of  Leeds,  under  whose  kind,  but  some- 
what austere  tutelage,  he  passed  his  earlier  years.  Ultimately  he 
was  sent  to  the  Moravian  School  at  Fulneck,  and  when  he 
left  that  institution,  was  persuaded  to  go  into  the  cloth  business. 
Not  having  any  tast«  for  this  occupation,  he  went  up  to  St.  John's 
College,  Cambi-idge,  where  he  took  his  B.A.  degree  in  1846,  coming 
out  in  honours.  Tliat  same  year  he  married,  and  was  ordained 
deacon.  He  was  ordainc<l  priest  at  Hipon  in  the  following  year, 
and  in  1840  wa,s  appointed  to  the  newly-constituted  vicarage  of 
Markington. 

For  48  years  he  discharged  tlie  duties  of  a  parish  priest  in 
the  same  village,  and  during  this  long  period  encleared  himself 
to  more  than  one  generation  of  parishioners.  His  studies  also 
turned  in  the  direction  of  poetry  and  painting,  but  his  special 
forte  was  woodcai'ving,  in  which  he  had  consitierable  skill  and 
excellent  taste.  To  his  .skill  the  Church  at  Markington  owes  its 
reredoB,  chancel  screen,  pulpit,  and  font  cover.  He  was  the 
author  of  two  devotional  works,  "  Holy  Times  and  Scenes,"  and 
"Meditations  on  the  mast  Precious  Blood  and  Example  of  Christ." 

It  is  not  our  purpose,  however,  to  speak  of  him  as  a  clergyman, 
but  rather  as  one  intere.sted  in  science,  and  in  the  observation  of 
nature. 

Mr.  Tute  was  a  inan  of  refineil  anfl  cultivated  tastes,  no  mean 
artist  in  his  way,  and  ever  ix-ady  to  impart  his  information  to 
others.     His  daughter  tells  us  that  he  was  in  the  habit  of  giving 
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-  lectuPM  in  th«  village  school  •room  on  various  wivntifio  a(ibj«ci\ 
Uie  uioot  popular  tieiug  "The  use  of  UUle  birdu  (ji  tbe  ftknocr." 
no  also  kept  u  wtwtlit-r  ulutrt  for  nutny  ytwrs,  wnrl  wn«  a  vwy  true 
weatlipr  prophet :  id  fact,  the  parishionprH  coosalt^d  liuu  anxioualj 
l)efore  they  cut  tlit^ir  huy.  He  wum  uIko  iustrumentid  in  nbt«iiiiii$ 
n  supply  iif  good  ririnking  whUm-,  cwinveyprf  in  ptpus,  whicli  Iim 
for  Hotne  yvHTs  hrcii  of  gn.'at  bptiotit  to  the  villago. 

Thuuti'h  acquainted  with  more  thau  vna  Ki-ieinc«.  Gnolngjr  whk 
hill    favourite  ntudy. 

For  many  ypars  hn  wns  u  incinbor  of  the  Yorkshire  OmJugksl 
and  Polytechnic  Society,  and  also  of  the  Ri[Kin  Sciiaitific  Society. 
To  thn  former  he  mode  iwveral  communiuatiout;  which  prove  him 
to  have  been  one  of  the  beist  local  geologists  in  tliat  (Mtrt  uf  thp 
West  Ridiug. 

Ttie  discovery  of  a  foesiliferous  horizon  in  the  hitherto  barm 
Millstone  Qrit  series  was  due  to  his  innate  aplitade  fi>r  fiMxil- 
hunting,  in  couibination  with  his  topographical  kuowledgo  of  the 
picturesque  neighbourhood  of  Markingt^m,  where  the  Caytwn  Oill 
beds  were  first  made  known.  Thi.i  horizon  lias  since  Ijt^n  proved 
to  underlie  the  Plonipton  Grit  in  all  part«  of  the  district,  and  has 
been  of  considerable  use  iu  mapping  the  country.  la  moHt  plAc«8 
the  rock  is  a  haid  (lalcai-eous  sandstone,  full  of  the  i-eLmains  of 
Encrinites,  Frodiicti  and  other  Brachiopods,  which  has  been 
largely  quarried  for  road  metal  at  many  points  to  the  west  of 
Harn^ate  and  Ripon.  Subsequently  Mr.  Tute  recorded  ih» 
discovery  of  iSpirangium  carbonnriiim  from  a  boulder  in  the  Drift, 
which  he  regarded  as  having  been  derived  from  the  Yored^ 
Heries.  About  the  same  time  he  noted  the  occurrence  of  Linania 
in  the  Millstone  Grit  aeries  to  the  west  of  Bipon,  the  first  recorded 
from  beds  of  that  age  in  the  district. 

The  Magiiesian  LimpKtone  of  this  part  of  Yorkshire  has,  also, 
the  reputation  of  being  very  barren  hunting-ground.  Y©t  Mr,  Tnte 
woB  able  to  compile  a  very  good  list  of  Permian  fossils*  from  the 
Lower    Limestone  of  Aldfield   and    Well.     la    1883  he   gave  an 

*  Quoted  by  Mr.  Fox-Strangwaya  iu  the  Survey  Memoir  of  th«  Coiuitn 
north  and  east  oE  Harrogate,  p.  10. 
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interesting  account  of  the  sequence  of  the  Permian  rocks  near 
Ripon,  with  sections  showing  the  development  of  the  beds  at 
Wormald  Green,  Quarry  Moor,  and  in  the  valley  of  the  Skell,  east 
of  Fountains  Abbey.  In  the  old  quarry  near  Wormald  Green  he 
discovered  a  fossiliferous  horizon  towards  the  base  of  the  main 
limestone  which  yielded  him  some  interesting  specimens.  Indeed, 
it  is  not  too  much  to  say  that  most  of  our  knowledge  of  the 
irregular  and  variable  Permian  beds  of  the  Ripon  district  is  due 
to  the  keen  perception  and  enthusiasm  of  Mr.  Tute. 

For  the  last  few  years,  unfortunately,  he  was  in  failing  health, 
and  unable  to  indulge  in  his  favourite  pui*suits  as  formerly.  The 
death  of  his  wife  in  1894  was  a  great  shock  to  him,  and  getting 
gradually  weaker  he  died  peacefully  last  Christmas  Eve  in  his 
75th  year.  W.  H.  Hudleston. 


Papers  by  the  Rev.  J.  Stanley  Tute,  B.A.,  Published  in  the 
Proceedincjs  of  the  Yorkshire  Geological  and 

Polytechnic  Society. 

"On   an   Orthoceras   of   the   Millstone   Grit"    (1878). 

"  On  the  Sequence  of  the  Permian  Rocks,  near  Ripon " 
(1883). 

"Some   indications   of   a  Raised    Beach    at   Redcar"    (1883). 

"On   theCayt<m  Gill    Beds"    (1886). 

"  Note  on  the  occurrence  of  Lingula  in  the  Millstone  Grit 
Series,  West   of   Ripon"    (1887). 

"  Notes  on  some  singular  cavities  in  the  Magnesian  Lime- 
stone"  (1889). 

"A    Permian   Conglomerate    bed    at    Markington "    (1892). 

"On  some  singular  mxiules  in  the  Magnesian  Limestone 
(1893). 

**The  occurrence  of  the  tooth  of  a  Mastodon  in  the  Glacial 
Drift"  (1893). 
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BY    c.  FOX-trmANnwATS,  r.ii.K.,  Of  the   nKOLOnicAL 

(I'ri-jMirfd  /vr   Ihn    Field  EjxurKimi   to    SearbortniyA, 
July,  1897.) 

Thtt  arva  U)  bo  \-ifiiU<d  during  thin  Field  Excorttion  con.-u.ib 
entirely  of  beds  belonii^ng  to  the  Middle  and  Lower  Oilitn 
To  the  north  of  nayhuni  Wyke  am  tlie  Htnintondale  CUSt. 
wUirh  «rc  fompoapii  piitirely  of  the  Kstnarine  Series  of  lb*- 
Lower  Oolite,  with  the  three  marine  divisions  of  the  Ellrr 
Beek  Bed.  the  Mille])ore  ISed,  iin<l  thi*  Grey  Limestone  Seri« 
The  mtiriiie  bonds  of  the  Millepore  Beda  and  the  Grey  LtmesUme 
come  to  the  ahoro  on  either  side  of  Cloughton  Wyke,  where 
tliey  farm  eoDHpiuuoUK  ree6i,  wbir;h  can  be  examined  at  low  water. 
Between  this  point  and  Huirliorough  the  coast  is  foruied  bt 
the   eandstijnes   of    the    Upper    Estuiirine    Series. 

Al  Si'flj-ljoi-oujih  the  Miiidle  Oolitefi  first  i-each  the  cuMi 
and  form  the  bold  and  prominent  headland  of  the  Castle 
Hill.  This  may  be  considered  as  one  of  the  typical  Oxfordian 
sections,  nearly  the  whole  of  this  series  being  exposed  in  ■ 
vertical  clifF  250  feet  in  height.  The  summit  of  this  cliff, 
with  the  exception  of  a  thin  covering  of  Boulder  Clay,  is 
capped  by  about  20  feet  of  Oolitic  Limestone,  representing  the 
lower  part  of  the  Lower  Limestone ;  below  this  comes  about 
37  feet  of  Pa.ssage  Beds  very  full  of  a  small  Outran,  Gerviilia 
avieidoiden,  and  Pectin  irub/ibroaiig.  These  rest  on  18  feet  of  soft 
sands  with  large  calcareo-siliceous  concretions  forming  the  upper 
part  of  the  Lower  Calcareous  Grit,  the  lower  beds  of  which  pass 
gradually  down  into  the  sandy  shales  of  the  Oxford  Clay. 

By  a  fault  which  pasHes  close  to  the  entrance  to  the  Caatle 
the  Kellaways  Rock  is  tlirown  up  on  the  west  side,  ajid  a  fine 
section  of  these  sandstones,  here  about  80  ft.  thick,  is  expoeed 
in  the  North  Cliff.  The  Combrash  is  seen  at  places  beneath 
this  rock,  while  the  lower  part  of  the  cliff  is  occupied  by  the 
shales  and  sandstones  of  the   Estuarine  Series. 
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South  of  Scarborough  the  Grey  Limestone  occupies  the  shore 
as  far  as  White  Nab.  It  consistH  chiefly  of  grey  calcareous 
ahalea  with  nodular  bands,  in  whicli  GervUlta  acuta,  Ottrea 
_fiabeUoidegf  Aviciilar  irrtnmfcwriensw,  and  other  fossils  are  very 
abundant.  In  the  Scarborough  MuMeum  are  sume  of  the  Iwnes 
of  C'etiosauriiu,  obtained  from  those  shales.  Between  Wiute  Nab 
and  Osgodby  Nab  the  shore  is  occupied  by  the  sandstones  of 
the  Estuarine  Series,  but  at  the  latter  point  a  large  fault  has 
brought  up  the  Millepore  Bed,  which  in  well  exposed  in  this 
headland,  and  coutaius  the  cjiaracteristic  bryozoan  Cricopfrra 
(MUtepora)  »framitiea  in  great  numbers  on  the  surface  of  the  rock. 

We  now  enter  Cay  ton  Bay,  on  the  south  side  of  which 
is  the  magnificent  section  of  Red  Cliff.  Here  nearly  the  whole 
of  the  Oxfordian  beds  are  again  exposed  in  one  of  the  grandest 
sections  of  the  Yorkshire  Coast.  At  the  top  the  Lower  Cal- 
careous Grit  rises  in  a  beetling  crag,  beneath  which  the  Oxford 
Clay  foi'ius  a  soniewliat  less  precipitous  slope,  the  Kelloways 
Hock  occupying  the  base  of  the  cliff,  while  the  Cornbrash  forms 
a  ledge  on  the  shore.  The  altitude  of  this  cliff  is  over  250  feet, 
of  which  \i<i  feet  are  included  in  the  Oxford  Clay,  and  35  feet 
in  the  Kellaways  Rock,  At  the  eastern  end  of  this  cliff 
a  fault,  having  a  throw  of  ItiO  feet,  brings  up  the  Lower 
Oolite,  so  that  the  Gi'cy  Limestone  and  Millepore  Bed  crop  out 
on  the  shore,  and  may  lie  followed  along  the  sears  throughout 
Gristhorpe  Bay.  The  Urey  Limestone  is  here  i^educed  to  about 
3  feet  in  thickness,  and  may  be  easily  overlooked ;  but  the 
Millepore  Bed  is  a  stixing  massive  rock,  forming  the  outer  part 
uf  the  scar.s,  ami  pnitci'ting  this  pai't  of  the  coast  from  the 
force  of  the  waves,  lictween  these  two  the  celebrated  plant 
bed  of  Oristhorpe  occurs,  beneath  which  are  some  thickness  of 
beds  of  a  semi -estuarine  cliaract^-r  wliiili  aii-  not  known  to  occur 
elsewhere.  The  cliffs  of  Gristhorpe  Bay  show  exjiosures  of  the 
Kellaways  Rock  and  Corubnisli,  the  former  much  reduced  in 
thickness. 


J 


n»  G«B«««1  UcBtingi  bare  faaco  aatodUed  with  tnletwUi 
aad  ^mimJttt  FieU  B»ninli«i%  aad  the  vrntfaer  wm  »  pcnpitia 
on  emA  hk— ibk  m  Io  OuUe  the  fugnuiae  Co  tw  eoai|ile(Q 
■ad  wmeecatlMj  earned  oqi. 

TW  Spciae  OtiMral  Mn-bnj;  was  betd  ■)  nuvlef  Bridgiv « 
SktordMy.  ^tmif  Had,  and  vas  a*Mciated  with  «n  BxKOiiiMli)] 
w  lh»  faU  ol  Uw  duef  goologiad  Iwtwcs  of  NfaUenlala.  11 
Hamnplp  I^ol  Socntarr,  Mr.  Ibibvt  IVaeh,  being  away  oo  tl 
Owtiarat,  tlte  kcal  arrmnj^mmita  «m  kindly  undertaken  t 
Mr.  John  Kafrah,  F.lLMrLS^  vho  aim  onderUiol:  t)>f>  gtsier 
leadmfaip  nf  tlH^  partv.  Tbr  MmilMni  mt^  at  Han-r>f^t«  Hutin 
•nH  IniT-Unl  Uigether  to  Ripler  Vallej.  A  large  quarry  m  ti 
Miiisioor  Orit,  near  KiilinghaJl  Mills,  was  first  examined,  an 
then  the  old  coarse  of  the  Nidd,  from  which  it  was  artiiiciaD 
deflected  swme  c«atar>es  ago,  was  pointed  ont  by  the  leader.  A  via 
was  then  paid  to  Ripley,  the  Charch  and  okl  stocks  bein^  iospeetM 
after  whi<'h.  the  road  was  taken  to  Hampethwaite  quarries,  wber 
the  Caytm  Gill  beds  are  worked.  These  beds  were  found  to  b 
full  of  fii^il  remains,  chiefly  casts.  Prom  Hampsthwaite  Statin 
the  (rain  was  taken  to  Dacre,  where  luncheon  was  serT«l 
^Val^>netles  then  ronveyed  the  members  to  the  breezy  beighfa 
of  Krimhani  Mmk-.  «bei¥  smne  time  was  spent  in  the  inTesti 
i^tt(ii)  of  the  renutrkably  denuded  Millstone  Grit  rocks  and 
enjiivinj!  the  pure  air  and  wide  riews.  During  a  diHcussion  on 
llie  s|Mit  of  the^  extraordinary  rockforms  and  the  mode  of  theii 
)iroiluoli»n.  the  inipt>ssibilily  of  attribnting  the  denudsticm  d 
tlh^>  r\H-ks  to  marine  agency  was  pointed  out,  tJie  levels  of  thi 
vnrionN  denudetl  beds  being  so  diflerent,  and  the  results  so  unlib 
a  elilTUue  with  isailatetl  pinnacles.  No  other  agency  than  th*l 
of  a)  iiiO!t)>heric  weatherin):  could  account  fur  all  the  facta.  At 
til  whether  ilenutlation  was  continuing  the  same  work  dow,  Mr 
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Percy  F.  Kendall  pointed  out  that  the  evidence  was  not  in  favour 
of  this  view.  He  was  more  inclined  to  believe  that  present 
denudation  was  slowly  destroying  the  unusual  shapes  of  these 
rocks,  and  bringing  them  to  more  ordinary  types  of  weathering. 
He  suggested  that  the  evidence  waa  in  favour  of  Brimham  Rocks 
being  the  result  of  a  special  and  very  severe  period  of  denudation, 
and  was  inclined  to  attribute  their  formation  to  the  extreme 
conditions  of  the  glacial  period  operating  on  the  out-cropping 
sandstones  of  the  moor.  From  the  moorland,  a,  cross  country 
traverse  waa  taken  to  Smelt  House,  and  the  road  followed  to 
Pateley  Bridge.  The  members  dined  together  at  the  King's 
Arms  Hotel,  under  the  presidency  of  Edward  Yorke,  Esq.,  J.P.,  of 
Bewerley  Hall,  and  afterwards  the  General  Meeting  was  held.  An 
address  on  the  Mining  and  other  interesting  features  of  Nidderdale, 
was  given  by  the  Chairman,  and  Mr.  Percy  F.  Kendall  delivered 
an  address  on  "The  later  Physical  History  of  the  River  Nidd," 
which  opened  up  an  interesting  discussion.  A  resolution  of 
sympathy  with  Mrs.  Tate,  on  the  death  of  Mr.  Thos.  Tate,  F.G.B., 
a  member  of  our  Council,  and  formerly  Local  Secretary  for  the 
Bradford  district,  was  pa.ssed.  Several  of  the  members  expressed 
deep  regret  at  Mr.  Tate's  sudden  death,  and  references  were 
made  to  his  wide  scientific  knowledge  and  accurate  work,  and 
especially  to  his  important  work  as  Secretary  to  the  Yorkshire 
Boulder  Committee. 

By  the  kind  invitation  of  the  Chairman  (Edward  Yorke, 
Esq.),  the  members  paid  a  visit  to  Bewerley  Hall  on  Sunday 
afternoon,  and  were  shown  over  the  gardens  by  Mr.  and  Mrs.  Yorke. 
Bewerley  Hall  was  erected  on  the  site  of  a  grange  formerly 
belonging  to  the  Monks  of  Fountains,  and  the  small  chapel  at 
the  back  of  the  hall  was  pointed  out,  which  bears  the  initials  of 
Marmaduke  Huby,  Abbot  of  Fountains  (1494-1526)  and  the 
motto :  "  Soli  det)  honor  et  gloria."  Mr.  Yorke  then  conducted 
the  party  through  tho  Fishpond  Wooil  to  Raven's  Gill,  a  beautiful 
little  gorge  formed  by  Ka\en's  Beck.  At  the  top  of  the  gill  the 
beck  was  crossed  and  several  of  the  memliers  climbed  the  moor- 
land path  to  Guy'a  Cliff,  from  which  a  fine  view  of  Nidderdale 
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was  obtaineii.     Varutus  picturesquely  weathered  rocks  were  noted, 
auii  a  rvtum  was  inaiie  to  Pateley  by  way  of    the  richly -wooded 

uiitiorv'litT. 

t>n  Mt^ntlay  iiu>ming  wai^>nettes  took  the  party  to  Uppef 
Ni«i*ler\lal»\  J>hi»rt  stt»|is  were  made  to  inspect  the  works  for  the 
omijitnisation  n*ser\oir  of  the  Bnuifonl  Corporation,  and  to  vkw 
ivouthwaite  Hall,  a  seventeenth-century  house,  the  old  residence 
of  the  Yorkes  which  will  pn»bahly  \ye  dwtroyed  by  the  new 
rest»r\«ur  Near  Liifthtiuse  one  of  the  water  gushes  by  which  the 
Nidd  eiuen^es  frmn  its  underground  course  was  examined.  Fnun 
l-i^t't house  the  dr^-  \-alley  was  followed  up  to  Goydon  Pot,  where 
a  <hort  stay  was  made,  ami  then  a  visit  was  |\aid  to  Manchester 
Pol,  into  which,  at  the  time  of  our  visit,  the  whole  of  the  waters 
of  the  Upjvr  Nidd  were  dischanje<L  Ascending  the  hill  to 
Midtllt*^«u^»r  a  'short  cut  was  taken  to  How  Stean  Beck,  and  the 
Ivautit*^  of  thi^  wonderful  little  g'»rge  were  duly  admired.  For 
the  U^i  mile  U»t«»rt»  joininir  the  NidtK  How  Stean  Bcvk  rushfc- 
ihn^uirh  ;i  n:irnnv  oU'ft  in  the  Yon  laic  lW<ls  70  feet  deejK  aivi 
ti'i'.w^  .1  r.i\-.!\-*  N^ ':.!••!".  i--  .i  ^■i<t'ir»''-«[u»'  illustration  of  tornTi? 
»it'!;:;a.i:'.  ^!i.  T".f^  ^-..'.t-^  »'t  i!i«^  Lr<»ri;t'  an*  hiiiii:  with  iiKi-^'it's  ani 
tirti<  av.'i  .'\t  i-^:\i<i»'NVft|  with  tnt'^.  Ki^lin^  Holt*,  a  i-lia<iii  'i. 
tho    •-.••.::li    ^i.i'.-    «t    t'-.f    !:i\i:i»\    nx;i^    aK«»    t'X}»h»n'<l.         Tht»    n-tiiir. 

'V\\c  S:'i:!!>  1  •mt\'1*:i1  M»»'iini:  \va>  iu'M  at  St.-ai-lx»roui:h.  <*t. 
Fri<l:i\.  .'  ;'v  '•!'.  an«t  wa^  a<-^«Niat»'il  witli  Firld  Kxrursimiv  in 
iho  !U'i,:ir:''>u!l^-''i  "'.1  Thiir^'lay,  Friday  and  Satnrtlav.  Or. 
rhur^»i.i\.  ^'^\y  ^:!i.  tJ>'  n>'tniHr^  viniteil  with  tht»  iriMiloinca! 
stvtion  .'t  i\\r  V.irk-ir.i»'  Nari:iM-i^t>>'  Uih«»ii  in  an  exrnr^inn  t** 
lla**kn«'v^.  'Y\\t'  laiTv  wimo  »«»Ti\«-vtil  bv  \vaLr»>nettos  to  ^^urtit'll' 
HtMLriu^,  whtTo  a  .I'MiTN  iv.  th«-  t'«»ral  Hai:  wa-^  rxaniintHl.  Tlie 
rout*^  \\a^  ».*.»nritui«'«i  -'V  H.ifkii'-^-  Hall  t«»  Silphi»,  where  tjuantiti*-^ 
oi  a  laruTt'  u'^^tt'i"]-"!  Fi  i««:aii»''a^  Nver»'  ftnnid.  nojoinim:  tri" 
oonvovanrt'  at  Ha^k!i'--.  tin-  partv  .ir-.ve  dnwn  Fonr,.  \'alh.v  t.- 
Avton  nuarrit'<  in  whirii  nia<^»*^  mI  Tliauuia^tnt.*a  won*  ti»umi 
Tlu'nrt'    tlu'    ro  id    i'\    tlif    raof   «i«i!r^»*    \\a<    taken    to    Searlmrouu'r. 

On     Fri'iav    nifiiiin::    tli*'    partv    nu*t    at    Cattle     Hill,    un<i*-r 
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the  leaderahip  of  the  Rev.  £.  Maute  Cole,  and  exsmined  the 
Calcareous  Grit  Beds,  and  the  works  in  progress  for  the  safe- 
guarding of  the  new  marine  drive.  The  11.15  train  was  taken 
for  Oristhorpe,  a  cross-country  walk  bringing  the  party  to  the  clifFu, 
several  heaps  of  Uiulitai-s  being  carefully  examined  on  the  way. 
Excellent  viewa  of  Filey  Brigg  and  the  Chalk  cliffs  from  Speeton 
to  Flamborough  wei-e  obtained  from  the  cliff  top.  A  descent 
was  then  niade  to  the  xhore  and  the  splendi<l  sections  from 
Oristhorpe  to  Scarborough   were  carefully  examined. 

The  nieniberH  dined  together  at  the  Pavilion  Hotel,  and  after 
dinner  the  General  Meeting  waa  held  under  the  presidency  of  the 
Rev.  K  Maule  Cole,  M.A.,  F.G.S.  Several  members  of  the 
Scarborough  Field  NaturalistH'  Society  were  welcomed  as  visitors. 
A  valuable  gift  from  Mrs.  A.  H.  Green,  through  Mr.  William 
Whitftker,  F.B.S.,  F.O.K.,  of  wx-inch  geological  maps  from  the 
library  of  the  late  Professor  Green  was  reporte<l.  The 
Chairman  <  xprossed  ^viirni  ajipiecintKin  of  this  kind  donation, 
anti  the  lery  lieai  ty  thanks  of  the  Society  were  accorded  to 
Mrs  Gieen  for  her  useful  and  \aliiable  gift  The  Chairman 
then  deliverwl  an  address  on  tht,  Ge<)logj  of  Scarborough  and 
district,  desciibing  in  a  genial  and  clear  wa>  thi  chief  geological 
features  of  the  nu^thlHrnrhood  enlarging  on  the  tvidence  for  the 
diversion  of  the  Itement  and  other  interesting  problems  of  the 
physical  geography  of  Iho  Ij^ast  Hiding  A  discussion  followed, 
in  which  the  problems  opened  out  liy  the  consideration  of  river- 
di\ersion  and  the  theorj  of  n^crcapture,  as  applied  tu  the  Humber 
and  its  tributaries    were  M„'oroiislj  discussed 

On  '^ftturdaj  morning  another  visit  whs  made  to  the  Castle 
Hill  settions  under  the  leadership  of  Messrs  T  W  Stather,  F.G.S., 
and  George  Lethei  Tlie  12  10  train  was  taken  to  Cloughton, 
where  the  party  was  swellinl  bj  a  numlxr  of  bcarbi)rough 
naturalists  The  etposuro  of  Grej  Ijiraestone  at  Hundale  was 
first  examined  and  characteristic  fossils  obtained  Betuming  to 
Cloughton  the  short  r  mtt.  was  taken  U)  Hijburn  Wyke,  the 
e\posur<s  i)f  the  Milleporn  Bwls  and  the  Ulirlwck  Bed  being 
examined      The  party  returned  to  Scarlmrougli  by  train. 
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Ily  tho  Iciod  invitatiun  of  Mr.  Percy  F.  KRtKlnll  and  tlv 
OWDibers  of  tlie  QlacialtNU'  Aiixuciation,  the  inuinlii^n>  of  our  Hodplr 
were  eiw))li>cl  Ui  bike  pnrt  in  »ii  intitwting  and  inatruelive  Firid 
Exonrston  at  Kiistcr,  to  Appleby  &nd  Dixtrii-t.  The  pftKj 
MMmb)ed  at  Applt>by  oii  Ttiumday,  April  I5tli.  On  Good  Fridij 
a  drive  wiw  t«k(in  tii  Kliap  undt-r  v<Ty  watery  ronditiona,  lm(  tlif 
weather  citiarod  up  Hufliciently  to  enable  a  visit  to  \m-  paui  to  tiif 
famous  grBiut«  quarries,  which  were  exaniiiied  with  mtich  interat 
A  long  traverser  uver  the  iniiurs,  tinveral  dyke^  being  ex&inined  at 
the  way,  brought  the  party  t<)  Shap  Wells,  where  a  Basemrait 
Carboniferous  conglomerate  wa«  found  eoiitatniii);  pe>>b)««  of  3hap 
granite.  On  Riiturday,  High  Cup  Nick  was  viiit^vl  in  a  <Iriniin$ 
mist,  and  the  ^\'hi^  Sill  carefully  examined.  On  B>»st«r  Mondur 
the  party  visited  the  Upper  Stainmoor  Pass  and  a  Hhap  bouldrr 
wm<  fcmnd  cIukr  to  the  summit.  On  Tuettday  thr  i nt«<re«ti tig  sect iwu 
reveakxJ  by  Kwicidule  Beck,  and  the  tjuaiti-porphyry  called  •  Duft'in 
Granite,'  were  examined.  Altogether  the  excursioD  was  ftji  irf 
interMt  and  valuable  information  to  students  of  Yorkshire  GeoWi 

In  cimnection  with  the  meeting  of  the  Sanitary  Institute  in 
Leeds,  on  September  14th,  the  Society  was  requested  to  appuini 
two  delegates  to  the  Congress,  Mr.  J.  E.  Bedford  and  the  Hon. 
Secretary  were  accordingly  elected  to  represent  this  Societif. 
Several  Intei-esting  papers  were  read  in  the  Geological  and  Chemical 
Section  on  the  relation  of  the  rock-beds  to  Sanitary  Sciencf,  and 
a  valuable  reaumd  of  the  facts  regarding  the  strata  of  Yorkshire  in  i 
relation  to  its  water-supply  was  given  by  one  of  our  memben, 
Mr.  Percy  F.  Kendall,  F.G.S.  i 

At  the  Annual  General  Meeting  at  Wakefield  last  year,  five 
new  members  were  elected,  and  at  the  Pateley  Bridge  meeting  ten 
new  members  were  added  to  the  list.  We  have  very  regretfullv 
to  record  the  loss  of  three  members  by  death,  Mr.  E.  B.  Wheatlej 
Ba1me,  J. P.,  of  Cote  Hall,  Mirfield,  who  has  lieen  a  member  since 
1875:  Mr.  Thomas  Binns,  of  Sawley  Hall,  Ripon;  and  our  lamenttni 
friend  and  co-adjutor  Mr.  Thomas  Tate,  F.G.S.  With  the  addition 
of  the  nnmes  of  three  gentlemen  to  be  submitted  to  this  Annua! 
Meeting  for  election,  the  roll  of  meraberBhip  now  stands  at  164, 
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which  is  the  highest  since  1893,  and  it  is  satisfactory  to  know 
that  all  the  members  now  on  the  roll  are  in  active  association 
with  the  Society. 

The  Proceedings,  Vol,  XIII.,  F&rt  2,  was  issued  to  the  members 
in  the  month  of  August,  and  will,  the  Editors  believe,  be  found 
equal  in  interest  and  value  to  any  preceding  issue.  Special 
mention  may  be  made  of  the  beautiful  series  of  collotype 
re-productions  of  Mr.  Godfrey  Bingley's  photographs  of  the  Chalk 
of  Flamborough  Head,  and  the  Council  have  much  pleasure  in 
announcing  that  they  will  be  followed  in  1898  by  a  series 
illustrating  the  Middle  Oolites  of  Filey  Brigg,  also  from  Mr. 
Bingley's   negatives. 

In  accordance  with  a  more  usual,  and  it  is  thought,  advisable 
custom,  the  Editors  have  dated  the  proceedings  published  in  1897 
with  the  year  of  issue,  instead  of  dating  it  a  year  back  as  has 
been  the  custom  latterly.  This  looks  apparently,  aa  if  the  year 
1896  had  been  missed,  but  the  part  dated  1897  contains  the 
records  of  the  year  1896,  and,  under  the  previous  system,  would 
have    received    that   date. 

The  Proceedings  of  the  Society  have  been  sent,  aa  usual,  to 
leading  Scientific  Societies  in  various  parts  of  the  world,  and 
your  Council  desire  to  acknowledge  their  indebtedness  to  the 
undermentioned  Societies  for  the  kind  gifts  of  their  publications 
for  our  library,  in  exchange  for  our  Proceedings. 

Kojal  OcoloKJcsl  Society  of  Cornwall,  Penzance. 

Royal  Physical  Society  of  Ediiibiirgli. 

Royal  Geographical  Society,  Lmidon. 

British  Association,  London. 

Geological  Society  of  London. 

Bristol  Naturalists'  Society. 

Cambridge  Philosophical  Society. 

Esser  Naturalists'  Field  Chib. 

Leedn  Literary  and  Philosophical  Society. 

Liverpool  Geological  Association. 

Liverpool  litological  Societj-. 

Manchester  fieological  Society- 
Manchester  Geographical  Society. 

Manchester  Literary  and  Philosophical  Society. 


Kojitl  UriivLTHity  ut  Duiiniiirk, 
L'Acadfmiu  Royolu  Kui'iloise  il< 
Society  Impi-riula  M  invralogiqu 
Acadumy  of  Sciences,  Chirt^jo. 
Acfulomy  of  Sciences,  St.  Louia, 
Academy  of  Natural  Scienced,  I 
Americnn  Philnxophical  Society, 
American  Muiwutd  uf  Natural  H 
Boston  Society  of  Natural  Histo 
Klisha  Mitchell  Scientilic  Kovioty 
New  York  Stat«  Library,  Albany 
Kocheater  Academy  of  Science,  h 
SmithsODian  Listitution,  Wosliing' 
United  States  (ieological  Survey, 
United  States  National  Mukoiiiu, 
Museum  of  Comparative  Zoology 
Royal  Society  of  New  South  Wa 
Department  of  Mines,  Sydney,  N. 
Australian  Museum,  Sydney,  N.S. 
Australian  lustitute  of  Miuing  E 
Novia  Seotian  Institute  of  Scieuo 
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CoiuicU  MretiiKj,  I'hilosiipliU-al  lUll,  Ia^Ah,  Ut  April,  1897. 
CIminiian  :— Mr.  Rk-littiil  Ri-ynoUK  F.C.S.  ] 

Present :— Messrs.  P.  F.  Kemlull,  W.  Ch»1i,  J.  E.  Bedb>4< 
J.  Stubbins.  H.  Crowther,  C.  W.  Fennell,  J.  J.  Wilkinmm,  whI 
W.  L.  Carter  (Hon.  Sec.). 

Tlie  minutefi  of  the  previous  Couucil  Minting  were  read  anl 
vjnfirmwi. 

Lell«ra  of  regret  for  non-attendance  were  i-eeoived  from 
A.  Luptnti,  J.  W.  Htttther,  iiiid  J.  It.  VAAy. 

The  following  uccoimtA  were  pajwe<l  for  i«ymeiit  :— 

£    3.    d. 

Mmt«rn  Itrus.  for  PtnttM ...        6      2      6 

Morgan  and  Kidd  (or  PlateN        ..-  ...      IS     0     0  ■ 

G.  West  and  Sons  for  Plates        2    14    10 

Maul!  and  Fi.x  fur  Plabea  ;;      O      0 

F.  Carter — Circulars  and  Stationery       ...        5      2      6 

£28  19    10 


The  Excursion  Programme  was  then  considered.  After  some 
discussion  Pateley  Bridge  was  selected  as  the  place  for  the  Spring 
General  Meeting  and  Field  Excursion.  The  draft  progrsnuue 
included  visits  to  Brimharn  Hocks,  Pateley  Compensation  Resemnr, 
Goydon  Pot,  and  How  Htean  Beck. 

Election  of  Governor  of  the  Yorkshire  College.  According  to 
resolution  of  the  Council,  passed  on  Sept.  8th,  1896,  ballot  papers 
were  given  out,  and  Mr.  P.  F.  Kendall,  F.G.S.,  appointed  Scrutineer. 
The  Rev.    W.    Lower   Carter,    M.A.,  F.G.S.,   was  elected. 

British  Association  Delegate.  As  no  member  of  the  Council 
present  proposed  attending  the  Toronto  Meeting  of  the  British 
Association,  Mr.  G.  W.  Lamplugii,  F.G.S.,  was  appointed  the 
delegate   on    the    Corresponding   Societies'   Committee. 
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Sanitary  Science  Congress.  A  tetter  was  read  from  the 
Sanitary  Institnte  asking  for  the  appointment  of  two  del^ates  to 
the  Leeds  Meeting  in  September,  MesHrs.  J,  K  Bedford,  F.G.S., 
and  W.  L.  Carter,  M.A.,  F.G.S.,  were  appointed. 

A  letter  wiu  read  from  Mr.  P.  F.  Kendall,  F.G.S.,  inviting  the 
members  of  the  Society  to  join  tlie  GlaciaHsts'  Association  in  a 
Field  Excursion  to  Appleby  at  Easter.  The  invitation  was 
accepted  and  the  Council  Instructed  the  Hon.  Secretary  to  issue  a 
circular  to  the  memberii  notifying  the  excursion. 

General  Meeting  and  Field  Excitrginn  in  Nidderdale,  May  22nd 
to  24th,  1897. 

Saturday,  May  22nd. — The  party,  led  by  Mr.  John  Farrah, 
F.R.Met.S.,  visited  sections  in  the  Millstone  Ont  series  near 
Ripley  in  the  morning,  and  devoted  the  afternoon  to  the  examination 
Brimham  Rocks. 

The  General  Meeting  wa.^  held  after  dinner  at  the  King's 
Arms  Hotel,  Pateley  Bridge,  under  the  presidency  of  Edward 
Yorke,  Esq.,  J.P. 

Letters  of  regret  for  non -attendance  were  read  from  Messrs. 
W.  GregBon  and  W.  Cash. 

The  following  new  members  were  elected: — 
Henry  Carpenter  Marsh,  Leeds. 
William  Ha.stings  Crofts,  Hull. 
Rev.  Chas.  T.  Pratt,  M.A,  Cawthorne. 
Geo.  Fawcett  Tindall,  Tadcaster. 
Thomas  Sheppai-d,  Hull. 
J.  H.  Lofthou.se,  Harrogate. 
G.  Slater,  Carlisle. 
Joseph  Teal,  Yeadon. 
R.  H.  Kitson,  Leeds. 
J.  W.  Broughton,  Skipton. 
An  addre.sK  on  "The  Mining  had  other  Interesting  Features  of 
Nidderdale"  was  deliverei:!  by  the  Chairman. 

An  address  on  "The  later  Physical  History  of  the  River 
Nidd  "  was  deli\cred  by  Mr.  Percy  F.  Kendall,  F.G.S. 


3S8  itKL'OKiin  OP  MKKTiviia.  ^H 

A  iiirt»J  un  "Tlin  Vallum  in  rulutiuii  tn  tlw  HtxtiiMi  Wull  irifr 
New<;iwtle  to  CftrlUle"  wub  citmiuunicuti>d  by  the  Rev,  E.  Miiu^ 
Coin  .M.A.,  F.G.S. 

Thwo  [japorK  w.rr'  f.ill-.witl  hy  n  ili-ciission  in  wliirh  M.-- 
C.  W.  1-Viiudl,  J-liii  tWiHli,  wij  W.  L.  CftiU-r  UH)k  i«irt.  omi 
Mr.  K<-:Hlnll  t'<')>liiHl. 

A  itcjsiiliitioli  <if  symittithy  wil,h  Mrs.  TrI*,  on  tlio  Huildm 
death  of  Mr  Thoniat.  Tate,  F.G.S..  (Apiil  i'Tth)  a  iiit.-ml)c-r  (rf  Uk 
CouHcil  iif  imr  H>Kwty,  was  amvvd  by  Mr.  P.  I'".  Knn.lall.  F.O.a, 
Bccon.lml  l.y  Mr.  C.  W.  Finin«ll,  F.G.B..  tun!  rjirncd.  Rff«n»i(B 
were  made  to  Mr,  Tate's  wide  scientific  knowldge  and  accurati 
work,  and  enjiecially  Ui  Win  itiijKii-ttuit  work  an  Secretary  of  iIm 
Yfirknliirf  Biiuldfir  Comiiiitl*-)!. 

A  hfArty  vole  of  tliankn  was  aecoitled  l*>  ttie  C'liitirinaii,  fm 
hJM  kitidrieiw  lu  jinwidiiig. 

Uondky,  May  24th.^Tho  party  pmceedt*)  hy  wsgunetteA  t» 
Lofthoiise,  A  «to]i  was  Tiiade  tn  allow  of  the  insjtoption  of  tin 
works  for  the  Coiii|iciisiitioii  Hi'st'rvoir  wliioli  wuh  Ixjitig  constnictw 
l)y  tlie  Brudford  Curpoi-atroo  aluiijt  tlie  line  of  tlie  olil  moraine 
and  to  see  OoutJiwaiti:  Hall.  Subscfju^ntly  thi;  water-guahcs  a1 
Ijofthouw,  Uoyilon  Pot,  Manchester  Hole,  and  How  St«an  Becl 
were   visited,   and    the   party   retuniwl   ti)   Pateley   Hriilge   for   tea 


Orifr-ii/  M'-i-d-ii  axd  Field  Exmnioii  at  Scarborougli,  Juh 
Sth,  0th,  and  iOth,  U97. 

Thursday,  July  .'^th.-The  Members  were  joined  by  th( 
Geological  Section  of  the  Yorkshire  Naturalists'  Union.  A 
wagonette  took  the  i>arty  t*)  Nuffield  Heights,  where  a  quarry 
in  the  Coral  Rag  was  examined.  The  route  was  continued  on  foot, 
by  Hackness  Hall  to  Silpho,  where  another  quarry,  containing 
large  numbers  of  f'/iimaif^Uo,  was  workcfl.  Kejoiniiij^  the  con 
veyance  at  Hacknesa,  the  [lartj-  drme  down  Forgo  Valley  to  Aytoi 
quarriex,  where  line  upet-imeiLi  of  TkinHiumtrim  were  secured,  anr 
thence  returned  to  Scarborough. 
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Friday,  July  9th. — Tlie  party,  under  the  leadenthip  of  the 
Rev.  E.  Maule  Cole,  M.A.,  F.G.S.,  visit&l  the  Castle  Hilt,  and 
ejcamined  the  exposures  uf  CalcurcouH  Grit,  and  the  wurlcH  in 
progress  for  the  new  Marine  Drive.  Tlie  11,15  a.m.  train  was 
taken  to  Gristhot'pe.  A  cros-s-country  walk  bruu;;ht  the  party  to 
Grinthorpe  Cliffs,  Nevcral  heaps  of  boulders  being  examined  by  the 
way.  Tlie  cliffs  were  deafendwl,  awl  the  sections  between 
Gristhorpe  and  iScarboroii(;li  carefully  examined. 

Tlie  General  Meeting  wiw  hel.l  after  dinner,  at  the  Pavili<in 
Hotel,  Scarborough,  under  the  presidency  of  the  Rev.  E.  Maule  Cole, 
M.A.,  F.G.8. 

The  minutes  of  the  previous  General  Mectinf,'  were  read  and 
confirmed. 

The  JSeci-etary  re|H)rted  u  valuable  gift  from  the  library  of 
the  late  Professor  A.  H.  GrtH;n,  F.K.S.,  F.G.S.,  Mrs.  Green  having 
very  gencronsly  pi-esentcl,  throu-;h  Mr.  William  Whitaker,  F.R.S., 
a  nunilx-r  of  six-inch  maps  of  the  Geological  Survey  of  the 
Yorkshire  Coal  Fields,  for  the  lilmiiy  of  the  Society.  Warm 
appreciation  of  this  kind  gift  was  expressed  by  the  Chairman, 
and  on  the  pitijHJsition  of  tin-  Hon.  Heei-^'tury,  seconded  by  Mr, 
F.  F.  Walton,  F.G.S.,  the  l>i'st  thanks  of  the  S.n-iety  were  accorded 
to  Mrs.  Green   for  her   useful  and  valuable  gift. 

All  aililress  ,.n  "The  Gi-.iliigy  of  Searlwrough  and  District" 
was  delivered  by  the  Cliairniaii,  anil  follow(«l  by  a  free  discussion, 
A  hearty  vote  of  tliaiiks  to  the  Chairman  concluded  the  proceedings. 

.Saturday,  July  10th.— The  i)art_v,  under  the  leadership  of 
Mr.  J.  W.  Slather,  F.G.S.,  and  Mr.  Geo.  Lether,  continued  the 
investigation  of  the  Castle  Hill  secti<ms.  The  l:i.lO  p.m.  train 
was  then  taken  to  Cloughton  and  an  examinatiim  of  tho  coast 
flection  between  Huudale  Point  and  Hayliurn  Wyke  was  ma<!c. 
The  members  returned  by  train  t*>  Suarlxn-ough. 


Cotiwil  Mefiiiiuj,    Pbilo,s<i].hical    Hall,    Lee.ls,  St.|.teniljer  'Jtli, 
Ciiairman :— Mr.   J.  J.   Wilkinson. 


F.  CarUT— PI. 

Whitley    &    B 

Proceeding)), 

Whitley 


Be 


The  Proceedings,— 
financial  state  of  the  8 
eetimute  of  the  expend; 
lication  of  Vol.  XIII.,  p 
photographs  illustrating 
Brigg  be  published,  anc 
of  the  use  of  his  nef;ativi 
wan  instructed  to  obtaii 
the  printing  of  the  Proce 
meeting. 

Annual  Meeting. — ^ 
Ripon,  K.G.,  approving 
Bipon,  and  inviting  the 
Abbey.       Tlie   kind    i—- 
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The  Hon.  Secretary  submitted  a  draft  of  the  Report  to  be 
presented  to  the  Annual  Meeting,  which  was  approved. 

Officers  and  Members  of  Council.  —  The  Hon.  Secretary 
reported  a  vacancy  in  the  Council  by  the  death  of  Mr.  Thos. 
Tate,  F.G.S.  The  Secretary  also  read  letters  from  Mr.  J.  R.  Eddy, 
F.G.S.,  and  Mr.  D.  Forsyth,  D.Sc,  M.A.,  intimating  their  inability 
to  attend  the  meetings  of  the  Council,  and  asking  that  their  names 
should  not  be  submitted  to  the  Annual  Meeting.  After  some 
discussion  it  was  resolved  that  the  Council  much  regretted  that 
feeble  health  should  necessitate  the  retirement  of  their  old  and 
valued  colleague,  Mr.  Eddy,  and  that  the  pressure  of  professional 
duties  should  prevent  Dr.  Forsyth  from  allowing  his  name  to  be 
retained  on  the  Council.  It  was  resolved  that  the  names  of 
Messrs.  Godfrey  Bingley,  F.  W.  Branson,  F.I.C.,  and  F.  F.  Walton, 
F.G.S.,  should  be  nominated  at  the  Annual  Meeting  to  fill  the 
three  vacancies  in  the  Council. 

It  was  also  resolved,  after  some  conversation  on  the  advisability 
of  curtailing  the  time  spent  on  routine  work  at  the  Annual 
Meeting,  that  the  Secretary  should  prepare  a  nomination  paper 
with  the  names  of  the  Officers  and  Council  as  amended  above,  and 
print  and  circulate  it  amongst  the  members  as  the  nomination  of 
the  retiring  Council.  But  that  any  member  have  the  right  to 
nominate  other  names,  and  that,  in  case  of  such  extra  nomination, 
a  ballot  be  taken  at  the  Annual  Meeting. 

The  General  Meetings  and  Field  Excursions  for  1898  were 
then  considered.  It  was  resolved  that  the  1898  Meetings  be  held 
at  Clapham,  with  Professor  T.  McKenny  Hughes,  F.R.S.,  as  leader, 
and  at  Mai  ton,  for  the  Wolds,  with  Rev.  E.  Maule  Cole,  M.A., 
F.G.S.,  as  leader. 


Anmud  Genenil  Meeting  at  Ripon,  Thursday,  October  7th, 
1897. 

By  the  kind  invitation  of  the  President  of  the  Society  (The 
Marquis  of  Ripon,  KiG.),  the  members  paid  a  visit  to  Studley 
Royal  and  Fountains*  Abbey.  The  party  went  to  the  Canal 
Gates    in    wagonettes,   and    were    met    by   Mr.  T.   S.  Mason,   of 


A    H    p  A«kin«in,  J 

"'^  C"*,  K  „„„::  ^-^ 

The    Hon.  S,»„tarv  ^, 
*bsenw  of  t),^  T« 

"'e  treasurer,  preswr 

"'"^.'"""■■■'"".n.n.be™ 
''""'rt  Jo.elt,  ESc    B 
J-  Milchdl  fl-i|„„,  „  J 
JKimn  Martin,  m,y 
f,"*""  M'"«rf,  H.r™, 
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P.  F.  Kendall,  F.G.S.  F.  F.  Walton,  F.G.S. 

Tiocal  Secretaries: 
Barnsley     T.  W.  H.  Mitchell. 
Bra<lford-  J.  E.  Wilson. 
Driflield— Rev.  E.  Maule  Cole,  M.A.,  F.G.S. 
Halifax— W.  Simpson,  P\G.S. 
Harrogate — R.  Peach. 
Hull- J.  W.  Stather,  F.G.S. 
I^eds-   H.  Crowther,  F.R.M.S. 
Middlesbrough— Rev.  J.  Hawell,  M.A.,  F.G.S. 
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"Tlie  DauM*  Graves:  Part  I.  Historical  Hummary."  By  Hi. 
■T.  R.  Murtinier. 

"  Not^ij  iin  I)nnr'H'' Graves  noar  Urifliitld."  By  Rev.  K.  Uanlc 
Cule.  M.A..  F.G.S. 

"Oil  thts  IilQutifi(»itiuii  iif  LiK-alitieH  m  Norway  frorn  whicb 
houltliTa  ill  York  shim  Drift  Depoaits  may  liave  Imu 
iJerived."     l)y  Mr.  I'ercy  F.  Kondall.  F.O.S. 

"Soiiw  Yorkshire  Caves."     By  Mr.  8.  W.  Cuttriss. 

"Thr  Halifax  Coal  Htnita."     By  Mr.  Jam™  Spencer. 

"  On  the  Fossil  Fiuhe^  of  the  Upper  Lias  of  Wliitby  :  Part  1 11.' 
By  Mr.  Arthur  Smith  Woodward,  F.L.S.,  F.G.S. 

"The  Composition  of  thp  Spar  oceurrLog  in  Mother  8hiptan> 
Cave,  KnareeboroUf^h."     By  Mr.  B.  A.  Burrell,  F.I.C.  ' 

A  vot«  of  Lhaiikn  wa«  unanimotixly  passed  to  the  President  for 
prwidin);  over  the  Meeting,  and  for  hi«  kind  and  ^neroiiH  ontertein-    I 
ment  uf  llie  Huc'tety. 

A  vote  of  thanks  waa  also  passed  to  the  Mayor  and  Corporatioo 
of  Bipon,  for  kindly  lending  the  Large  Room  at  the  Town  Hall  for 
the  Meeting. 

The  Members  dined  together  at  the  Unicorn  Hotel,  Kipuo, 
under  the  presidency  of  the  Moat  Hon,  the  Marquis  of  Ripon,  K.G. 

After  dinner  a  selection  of  new  lantern  slides  waa  exhibited, 
and,  by  the  kind  permission  of  the  Town  Clerk,  the  members  had 
the  opportunity  of  examining  the  ancient  municipal  regalia. 

In  connection  with  the  Annual  General  Meeting,  a  Field 
Excursion  was  arranged,  on  Friday,  October  8th,  to  Hackfall  and 
the  Gorge  of  the  Ure  between  Maiham  and  West  Tanfield.  The 
party,  led  by  Mr.  T.  S.  Mason,  went  to  Maaham  by  train.  Some 
time  was  spent  in  the  ancient  Church,  and  then  the  Gorge  of 
the  Ure  was  traversed  to  Hackfall,  and  thence  to  Mickley  and 
West  Tanfield.  Here  a  short  time  was  given  to  the  Church  and 
Marmion's  Tower,  and  the  train  was  taken  back  to  Ripon  where 
the  members  separated. 
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THE  TOBEUALE  AND    MILLSTONE    (iKlT    ROCKS    OP 
VALLKY     AND    THEIH    FOSSILS 


;   UPPEK   CALDER 


{R.-ad  Jiin^  10/A,  IPOS.)* 
Plate  LIX. 
The  Millstone  Grits  occujiy  the  extensive  range  of  hills, 
moorlands,  and  dales  forming  the  heail  waters  of  the  river  CaWer, 
from  the  anticlinal  down  to  Halifax  and  Ellaiid.  The  great 
mountain  wall  of  Kinder  Grit,  which  rariges  from  Blackstone  Edge 
on  the  south  to  Black  Hamliledon  on  the  north,  with  an  average 
height  above  the  level  <)f  the  sea  of  nearly  1,500  feet,  is  broken 
through  at  Todmorden  by  n  valley  about  two  miles  in  width. 
Here  the  ri*'er  Calder  from  the  Burnley  \alley  is  j<iined  by  the 


[•ll  wan  the  intention  of  tlie  late  Mr.  fipoiicer  to  have  carotully  r 
all  the  details  of  thu  paticr  prior   to  publicist  ion,  but   thin 
frustrated  by  hie  Budden  death.— Kd.] 
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Stream  from  I>eaii  Head  on  tliu  south,  nnd  tho  oombtrtHl  »tnum 
then  flow  in  an  Kkstorly  cji^(^ctilm,  hy  Hebden  and  Sowerhj-  Briilge\ 

to  Ellnnd.  The  vn.\]^y  of  the  Colder  divider  the  wliote  »reti  inU 
two  halves  and,  being  the  lowest  pari,  it  drains  th«  wltidr  di>iln«, 
receivioft  from  the  north  its  tributary  Btreama,  tlio  Cald«r  at 
Mylhohii,  the  Hfbdrn  nnd  its  nffliient  from  Horse  Ui-idge  Cloujtli 
at  IloUlen  Itridgc,  tho  strenm  from  Luddendeii  valley  at  Lifd'ivn- 
tienfoot,  and  the  Hehble  fi-om  Halifax,  while  the  ettmni?  from 
St.  John's  ValW,  thii  Hybuni,  and  the  Blncltwntei-  join  it  ttaa 
thu  «outh. 

The  Millstone  Orit  rocks  foim  three  natural  gtxmpii,  iuuiw«t 
aft«r  the  three  principal  rocks,  viz.,  (I.J  Kinder  Grits,  (II.)  it» 
Tliird  Oril«,  and  (HI.)  the  Rough  Rock. 

I.  and  III.  have  the  greatest  range  and  most  uniform  thick- 
neHS,  white  the  Third  or  middle  grit.4  are  the  inoHt  variable,  butit  a 
thickness  and  range.  In  fact,  according  to  the  Gtnlugiad 
Surveyora,  the  Third  Qritu  form  a  aeries  of  lenticular  beds  in  tlir>  ' 
great  mass  of  Shales  which  divide  the  Kinder  Grit  fruQi  the  Rou^h 
Kock.* 

The  Kinder  Grit  forms  the  subsoil  of  the  high  and  exteiisivr 
moorlands  forming  the  boundary  between  the  counties  of  Yorkshire 
.md  UnciLshire,  and  readies  the  height  of  l,r..-)0  f,-et  on  Bhu-kst-iiw 
Edge  and  on  Black  Hambledon.  It  has  suffered  denudation  on 
a  vast  scale,  areas  of  many  miles  square  having  been  swept  awav, 
and  the  underlying  Yoredale  rocks  exposed. 

Before  proceeding  further  with  the  description  of  the  Kinder, 
it  will  perhaps  be  axlvisable  to  include  a  brief  sketch  of  these 
Yoredale  beds.  In  the  north,  at  Widdop,  is  an  oval  basin  about 
1^  miles  long  by  a  mile  broad,  where  the  Yoredale  shales  are 
exposed.  This  basin  is  surrounded  by  bold  perpendicular  escarp- 
ments of  Kinder  Grit  a  hundred  feet  or  more  in  height,  and 
is  composed  of  the  grandest  masses  of  conglomerate  we  have  in 
the  district. 

*  Memoirs,  Geo.  Survey,  Buruley  Coal  Field. 


8PBKCBB  :   THE  TORBDAIB  AMD   HILLSTOXB  GRIT  ROCKS.        377 

On  the  weathered  faces  of  the  great  thick  blocks  of  Kinder 
the  pebbles  staad  out  in  great  relief  and  form  three-quarters  of 
the  rock ;  the  pebbles,  siime  round,  some  oblong,  are  formed  of  various 
minerals,  quartz,  orthoclase,  felspar,  garnets,  tourmaline,  together 
with  many  macroscopic  fragments  of  rock-forming  minerals. 

Tlie  Yoredale  shales  occupy  the  bottom  of  the  valley,  and  in 
the  centre  the  large  reservoir  Iwlonging  to  the  Halifax  Corporation 
is  situated.  About  liulf  a  mile  south  of  Widdop  basin  is  Gorple 
water,  a  smaller  basin  (about  half  a  mile  in  diameter),  which  has 
also  been  scooped  out  of  the  Kinder  Grit,  exposing  the  Yoredale 
shales.  This  place  is  very  interesting  to  geologists  on  account  of 
the  splendid  sections  exposed,  showing  the  l)cn<ling  of  the  anti- 
clinal axis.  The  Kinder  rock,  here  more  ihan  100  yards  in 
thickness,  has  been  Itent  into  a  broad  arch,  the  western  side 
abutting  against  Ihe  great  anticlinal  fault,  which  may  be  well 
swn  at  Hare  Stones,  on  the  western  edge  of  the  basin;  while 
on  tlic  eastern  side  the  Kinder  rock  grailuuUy  flattens  out  and 
HiKm  iH'comes  covered  up  by  the  shales  of  the  lower  Third  Grits. 
The  whole  of  this  gi-eat  mass  of  Kinder,  forming  Black  Hambledon 
ridge,  has  been  thus  Ijent  over  from  west  to  east,  from  Gorple 
to  Hawkstones,  a  distance  of  from  two  to  three  miles,  without 
breaking.  Tt  is  now  more  than  thirty  years  since  the  writer  first 
beheld  this  truly  wonderful  plienomeiiuri,  but  many  a  long  tramp 
has  he  had  over  the  wild  moorlands  since  that  time. 

The  Kinder  Grit  and  Yoredale  strata  of  Bjackstone  Edge 
also  bend  over,  and  the  lattei-  abuts  against  the  anticlinal  fault, 
a«  shown  in  Section  I, 

The  great  anticlinal  fault  has  a  down-throw  t«  the  west  of  at 
least  1,000  feet,  for  the  upper  Tliird  Grits  are  thrown  down  in 
many  places  as;ainst  the  Kinder  Grit.  [Geology  of  the  Burnley 
Coal  Field.]  The  Yoredide  rocks  are  exposal  in  the  Todmorden 
valley  for  a  spaci'  of  aVwmt  L'l  miles  s(|uai'e,  and  more  than 
1,000  feet  of  Kinder  rock  ami  Yore^lale  strata  have  been 
carried  away  from  the  centre  c)f  the  valley,  thus  exposing  a  great 
tliickness  of  Yoredale  rocks.     The  valley  of  the  Calder  from  this 
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fragnwDta  of  Dadoi^loa  and  other  ¥BgeUbto  raaaam  mn  t 
them.  la  each  of  thew  TttUejs  there  «re  sbo  wevetmX  outc 
beds  of  ^hsle,  oontuning  cniihed  Oooi&titea,  ATicnlopectoB,  ■ 
cttiier  marine  ft^s^iU.  There  in  st  least  une  bed  ooniaining  tlv 
remains  of  a  small  >pe(.'ies  uf  encrioitcs,  of  which  not  only  k»^ 
meats  »f  the  stems  but  als«i  nearlr  complete  Bpecimens  with  heecb 
hav-e  be^n  fuuml.  In  the  limestone  blocks  such  undoubted 
Mouatuiit  Limestone  fossils  as  Productus,  Spirifera,  Belerophoo, 
Pleurritoinnria,  Peiten.  Nat  tea,  ^lodiolo,  Goniatites,  Nautilus 
Ortiioceras,  encriniti-*,  ic.  itc,  occur. 

The  Yoredale  shitles,  taken  as  a  whole,  are  of  marine  origin, 
as  shown  by  their  nmrine  remains,  but  here  and  there  we  haw 
ii)(lit.'nti>.>iis  of  ancient  land  surfiaces,  such  an  coal  beds,  sew 
eiirth-i.  and  i^iilliunl  rocks  full  of  stigmarian  roots  and  plant- 
reniains. 

I'jMin  one  of  my  visits  to  Horse  Bridge  Clough  a  number  of 
•<uen  were  busy  at  work  diginng  out  foundations  for  a  weir,  and 
had  <'xi)'ised  a  face  of  about  three  yards  in  depth  and  five  or  ax 
yunls  across  the  bed  of  the  stream.  \S'hen  I  turned  to  examine 
the  material  brou-:ht  out  I  found,  to  my  surprise,  that  it  was 
Jitenilly    full    of    plant    remains    in    a    great    variety    of    species. 
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There  were  specimens  of  Lepidodendron,  Sigillaria,  Stigmaria,  Calo- 
mites,  Dadoxylon,  Artiaia,  and  femft  in  abundance,  the  whole  bed 
seemingly  being  full  of  them ;  not  even  in  the  Coal  Meanures  do 
I  recollect  ever  seeing  a  more  interesting  or  a  more  prolific  bed 
of  plant  remains.  In  going  up  the  bed  of  this  brook  and  many 
others  in  our  district,  the  geolt^ical  student  becomes  acquainted 
with  many  interesting  phenomena  not  noticed  in  popular  text- 
books on  geology.  The  shales  are  frequently  seen  to  be  bent  and 
twisted  for  short  distances,  and  enclosed  by  under-  and  over-lying 
beds  of  sandstone,  which  are  not  affected  in  the  same  way.  But 
there  are  also  other  larger  anticlinal  and  synclinal  axes  here 
and  there  in  the  shales,  which  do  affect  the  overl3^ng  strata. 
Several  of  these  may  be  seen  along  the  sides  of  this  watercourse. 
Near  here  also  may  be  seen  the  termination  of  one  of  those 
lenticular  beds  of  sandstone  so  common  in  these  and  also  in 
the  Thirtl  Grits, 

Two  hundreil  yards  or  so  further  up  the  stream  from  the 
weir,  at  a  place  called  Wet  Tug,  the  Kinder  Grit  has  been  thrown 
into  the  valley  in  a  great  triangular  mass  by  the  combined 
effects  of  two  faults.  One  of  these  runs  diugimally  across  the 
valley  and  throws  the  beiis  of  sandstone  down  at  steep  angles. 
A  short  distance  further  up  stream  a  IwhI  of  Yoredale  limestone 
vrops  out  im  the  western  side  nf  the  sti'eam  which  has  yielded 
a  great  number  and  variety  *if  Yoredale  fossils.  If  you  get  a 
piece  of  the  r<fck  and  break  it  in  piece.s  with  your  hammer 
you  will  get  few  fossils  <iut  whole  as  they  break  before  the 
rock  will  break,  but  old  Sanmel  Gibson,  the  original  discoverer 
of  these  fossils,  found  out  a  iK-tter  way  of  extracting  them  out 
of  their  stony  matrix.  Being  a  blacksmith  by  trade,  he  took 
Home  of  the  material  home  and  masted  it  ti)  a  (lull  red  heat 
and  then  plunged  it  into  the  water-trough  ;  when  cool  he  took 
it  out  and  gently  tapped  it  with  the  hammer  when  the  shells 
rolled  out,  a  large  proportion  being  perfect.  I  am  not  aware 
whether  Mr.  (Jibson  ever  published  any  account  of  his  most 
ingenious  device,  but  several  others  have  made  claims  to  it  long 
eince    his  day.     I    had    been    in    the    habit   of    extracting    these 
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beaatifdl  fonils  in  this  w»y  lor  aome  yean  wben   I  flint 
acroM   a  newapaper  pangnph   in  iriiich  the   dincafcry  of  ll 
prooen  wu  claimed  by  a  popular  writer  oo  geology  of  thai  da 

A  short  distance  farther  np  the  Talley  and  we  oome  to  tl 
beantifiil  little  waterCsU  off  Lamb  Bridge^  which  only  M 
notoriety  to  be  macfa  more  appreciated  than  it  ia.  Hers 
oseffol  lesson  in  the  process  off  valley  fonnation  may  be  learn 
The  waterfall  is  at  the  head  off  a  narrow  channel  worn  oat  i 
the  Kinder  Grit,  and  the  water  falls  over  a  ledge  of  grit  havii 
nnder  it  some  four  or  five  yards  of  shale  which  is  oootinnall 
bmng  worn  away  by  the  action  off  the  spray,  so  that  feom  time  1 
time  the  ledge  of  grit  breaks  away  and  thus  the  fsll  reoedeoL  Am 
snow,  ice,  floods^  and  other  denuding  agents  carry  on  the  wei 
of  valley  formation  still  further  by  digging  away  the  aides  i 
the  ravine  and  carrying  away  the  matmal. 

The  Kinder  forms  the  floor  upon  which  the  Third  Grits  wei 

laid  down.  It  i>i  of  great  thickness  along  and  near  the  anticliiu 
and  is  often  split  l>y  l>eds  of  shale  into  two  or  three  Ijeds,  but  seen 
to  get  thinner  eastwards.  This  ^m»r  of  Kinder  forms  an  inclim 
plane  from  the  altitude  of  l^o^O  feet  at  Blackstone  Edge  and  Bla< 
Hambledon  down  to  35U  feet  in  the  Luddenden  and  Rvburn  valley 

The  Third  ( Irit^  were  originally  laid  down  upon  the  Kinder  flo 
in  pretty  e\  (»n  IkhIs  of  sand  and  mud,  and  afterwards  liardened  in 
sandstone  and  shale,  and,  upon  the  upheaval  of  the  Pennine  Hil 
were,  along  with  the  Kinder  and  otlu»r  n>cks,  bent  and  fractured 
various    direction^.     Since  that   time  thev  have  been    carved   iii 
hills,  moorlands,  and  valleys  hy  the  endless  process  of  denudatii 
so  that   the   KindtM*  rock  has   l)een  exposed  over  a   largt*  area 
the  Pennine  Chain  and  also  in   the  vallev  of  the  Calder   and 
tributaries  as  far  east  as  the  valleys  of  the  Rvbuni  and  Luddendi 

During  the  making  of  the  branch  line  fix)m  Sowerby  Bridge 
Ripponden  a  g<XKl  opportunity  was  afforded  to  local  geologists  i 
examining  the  rocks  of  the  Uyburn  valley  as  far  as  Rippondi 
The  tunnel  from  Sowerby  Bridge  Station  into  the  Ryburn  vail 
was  excavated  in  the  shales  just  under  bed  D  of  the  Third  Gri 
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the  crown  of  the  tunnel  being  carried  through  the  bottom  l)ed  of 
the  series.  From  the  west  end  of  the  tunnel  the  line  runs  in  the 
same  bed  of  shale  as  far  as  Mill  House,  where  a  lower  bed  of 
grit — the  top  bed  of  Kinder — makes  its  appearance  in  the  cutting. 
A  short  distance  further  up  the  line  a  fault  crosses  it,  which  throws 
down  the  Kinder  so  that  the  top  beds  of  the  rock  abut  against  the 
lowest  bed.  In  these  upper  beds — composed  of  shale,  rag,  and 
stone — is  the  usual  thin  seam  of  coal,  here  about  six  inches  in 
thickness.  About  half-a-mile  further  up,  at  Rough  Hirst,  a  cutting 
shows  the  coal  running  along  on  the  east  side  of  the  line  for  some 
distance,  neurly  on  a  level  with  the  rails.  At  Little  Haven,  another 
fault  crosses  the  line  diagonally  in  a  north  and  south  direction, 
which  throws  the  rock  up  to  the  east  about  50  feet.  Near 
Ripponden,  a  fault  throws  the  rock  down  out  of  sight,  but  it  soon 
begins  to  rise  again  and  occupies  the  l^ed  and  sides  of  the  brook,  up 
as  far  as  the  bottom  of  Butts  Clough,  where  it  is  thrown  up  to  the 
south  bv  another  fault.  At  Slitheroe  Bridge  the  top  beds  of  the 
Kinder,  witli  the  usual  bed  of  coal,  are  exposed.  The  Kinder  Grit 
occupies  a  large  area  in  Booth  Dean,  where  it  rises  with  the  slope  of 
the  ground  up  to  the  top  of  Blackstone  Edge. 

Third  Grit  Rocks. 

The  Third  Grits  occupy  an  extensive  area  on  each  side  of  the 
river  Calder.  "  These  middle  grits  "  were  divided  by  the  Geological 
Surveyors  into  four  divisions,  and  named  A,  B,  C,  and  D,  D  being 
the  lowest  and  A  the  highest  l>ed.* 

In  tlieir  memoir  on  the  *'  Geology  of  the  neighbourhood  of 
Dewsbury,  Huddersfield,  and  Halifax  "  the  order  of  the  letters  is 
reversed,  A  being  applied  to  the  lowest  of  the  Third  Grits  and  D 
to  the  highest.  It  is  of  little  consecjuence  which  order  is  adopted 
so  long  as  tlie  reader  knows  to  which  rock  each  letter  is  applied. 
Being  accustomed  to  the  use  of  the  first  method,  that  method 
will  be  adhered  to  in  this  })aper.  The  D  grit  is  a  most  variable 
rock  both  in  quality  and  thickness. 


*  Geology  of  the  Buruley  Coal  Field. 


382     BPncu:  tbb  toruulb  urn  MiLUVon  amat 


On  Erringdon  Moor,  louth  of  the  GUder,  it  n  miwadi  d 
30a  feet  in  thicknees  "and  feoee  westvaide  wiUi  a  qibwiH 
eeoarpment  of  conglomentei  peanng  npwemk  into  ll^gpipiMi,*  A 
lai^ge  bay  has  been  soooped  out  of  thie  maanve*  ^it  ndk,  m 
Crag  valley,  called  Broadhead  domgh,  which  ia  atiMm  with  laip 
blocks  of  grit^  '*  which  is  here  of  ao  ooarae  and  maaaive  a 
as  to  resemble  the  tjrpioal  Kinder  Socnit  Oiit*^ 

This  D  grit  occupies  an  eztennTe  range  along  tiie 
t£e  Calder  valley  and  its  tributaries.    It  has  genendly  a 
grit  on  the  top,  and  a  thick  bed  of  galliaid  rook  at 
with  intermediate  beds  of  shale  and  stone^  and  two  thin 
of  coal. 

Hathershelf  Scout,  near  Mytholmroyd,  is  fionned  of  this  m^ 
which  is  there  nearly  200  feet  thick,  with  a  bed  of  slhale  90 

m 

in  the  middle,  and  two  thin  seams  of  coaL    It  ooein 
great  thickness  at  Sowerby  Bridge  Station,  and  in   the  oai 
to  the  east,  where  it  gradually  sinks  bdow  the  snrfiaoe. 


A  bed  of  shale,  varying  in  places  from  40  to    100   feet  la 

thickness,  overlies  the  D  rock,  and  upon  the  shale  lies  the 
C  rock,  wliich  is  usually  a  flag  rock  of  varying  thickness,  and 
has  been  worked  in  various  places  in  the  district.  This  rock  is  also 
overlaid  bv  a  bed  of  shale  of  about  80  to  100  feet  in  thickness. 

We  next  come  to  the  B  grit,  which  is  a  very  important 
rock  in  some  places,  but,  like  the  C  rock,  it  is  liable  to  thin 
away  in  places  and  then  come  in  again.  On  Wadsworth  and 
^lidgley  Moors,  and  also  at  Deep  Clough  and  other  places  in  the 
Luddenden  valley,  it  has  been  worked  for  flags  and  building 
stone. 

This  B  rock  is  at  Deep  Clough,  opposite  Castle  Carr,  about 
60  feet  thick,  and  is  overlaid  with  a  rough  grit  rock.  It 
yields  good  building  stones  and  flags.  It  is  interesting  to  the 
geologist  on   account  of  the  large  number  of  fossil  plants    which 


•  Burnley  Coal  Field,  p.  117. 
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occur  in  it,  such  aa  Lepidodendrmi  obovatum,  L.  aeuUatum,  Stem- 
bergia  (Artisia),  SiffUttirUi  tesxAlata,  Halonia  reffufaria,  ferns, 
Cauleopteris,  Stigmitria  Jicoidi't,  numerous  fruitstones,  Calamitcs,  itc. 

All  the  sandstone  berls  contain  fossil  plants  in  places,  and 
many  uf  the  shales  also  yield  theni,  but  those  which  occur  at  or 
near  the  surface  of  the  shales  are  seldom  well  enou;,'h  preserved 
for  speciRc  distinction. 

The  A  grit  has  a  gre-ater  surface  range  than  any  of  the  other 
Third  Grits.  It  forms  the  surface  rock  of  Warley  and  Saltonstall 
Moors,  and  thence  runs  round  the  hea<l  of  Luddenden  valley  to 
the  upper  end  of  Wadsworth  Moor ;  also  that  of  Crow  Hill  on 
Sowerby  Moor  and  other  places.  This  grit,  like  all  the  other  Third 
Grits,  is  liable  to  thin  away  and  deteriorate  into  rag  and  shale. 
It  is  a  typical  grit  on  Warley  Moor,  but  in  Wheatley  valley,  a. 
mile  and  a  half  to  the  south  ea-st,  it  liaK  become  a  mafls  of  bedded 
rag  and  shale.  This  rock  crops  out  in  Briinsroyd  Clough,  Norland, 
where  the  upper  part  consists  of  raggy  stone  in  beds  of  from 
1  to  2  feet  thick,  and  the  lower  part  of  a  mass  of  thin  slaty 
layers,  each  ftum  j  inch  to  :;  inches  thick.  The  D  rock 
fumi.shes  us  with  another  example  of  this  character,  for  from 
200  feet  at  Hathershelf  Scout  it  <lwindles  down  to  50  or  60  feet 
at  Higham,  in  Sowerby,  in  a  distance  of  about  a  mile  and  a  quarter. 
The  Third  Grits  spread  over  a  large  area  of  the  moorlands  on  each 
aide  of  the  Calder,  and  i-each  the  height  of  1,350  feet  on  Warley 
and  Wailsworth  Moors,  1,150  feet  <m  Crow  Hill,  Sowerby,  and 
1,369  feet  on  Mansheod. 

Rourin  Rock. 

The  Rough  Rock  is  a  massive  grit  of  from  100  to  150  feet  in 
thickness.  Tliis  estimate  includes  the  shales  and  flagstones  under- 
lying it,  which  in  this  district  fi>nii  part  of  it.  It  ranges  from  Xab 
Hill,  1,470  feet  alxive  sea  level  on  Oxenhope  Moor,  down  bv  Hunter 
Hill  to  Halifax,  where  it  sinks  under  the  Lower  Coal  Measures,  and 
to  Elland  where  it  is  covered  by  the  alluvium  of  the  valley.  It  also 
forms  the  surface  of  Norland  and  Greetland  Moors. 


■:;S 


I'll  trie 


'if;>-t>~._ 


bpencer:  the  yobedalb  \sd  millstone  obit  bocks.       385 

then  runs  up  to  Crow  Hill  in  Sowerby  and  forwards  through  the 
moorlands  of  Manshead ;  then  crossing  the  Byburn,  where  the 
Kinder  Grit  comes  to  the  surface,  it  proceeds  up  the  eastern  side  of 
Black  Castle  water  to  Blackstone  Edge  (1,550  feet  a.bove  sea  level), 
thence  over  the  Yoredale  outcrop  and  the  anticlinal  fault  and 
the  Thiid  Grits  to  the  outcrop  of  the  Lancashire  coal  strata, 
about  two  miles  east  of  Littleborough.  The  length  of  country 
covered  hy  the  section  is  about  11  miles,  in  a  north-east  and 
south-west  direction.  Tlie  dip  of  the  strata  is  also  in  a  north- 
easterly direction.  From  the  antichnal  axis  down  to  the  river 
Calder  the  average  dip  between  the  two  places  ia  about  200  feet 
per  mile,  or  one  yard  of  fall  for  every  26  yards.  From  the 
Calder  to  Ringbj  Hill,  nui'th  of  Halifax,  in  the  line  of  the  section, 
the  dip  is  160  feet  per  mile,  or  one  yard  in  every  33  yards. 
The  dip  of  the  strata  in  Shibdendale  is  also  to  the  north-east. 

The  dip  or  inclination  of  the  strata  is  very  interesting  to 
the  geolo^st,  and  must  be  taken  into  account  in  all  our  calcula- 
tions concerning  the  thickness  of  the  various  strata,  &c.  It 
is  also  very  iinportunl  that  measurements  of  these  dips  should 
be  taken  not  meivly  in  one  direction  but  in  several,  and  not 
only  for  a  limited  distance  but  for  many  miles  in  length,  before 
our  deductions  from  them  can  be  relied  upon.  A  section  of  the 
strata  taken  from  I'lack  Hambledon  to  the  Fly  quarries  (Oxenhope), 
a  distance  of  eight  miles  (direct  west  and  east),  gives  us  a  fall 
of  one  yard  in  41,  and  from  Ojcenhope  Moor,  rid  Halifax,  to 
Elland  the  Rough  Hock  falls  from  1,450  feet  in  the  former  place 
to  about  i;50  feet  in  the  latter,  which  gives  a  fall  of  I,-200  feet, 
or  150  feet  per  mile,  <>r  one  yanl  in  3tl.  From  these  calculations 
it  will  be  seen  that  the  old  notion  of  a  dip  of  one  yard  in  20 
is  not  correct  when  the  dip  is  taken  over  several  miles  in  extiint, 
although  in  a  few  places  it  may  \x  applicable;  in  fact,  dips  to 
any  amount  from  vertical  70',  i'f,  40',  22A",  15°,  I*  5",  down 
to  a  dead  level,  occur  locallv  in  connection  with  faults.  It  will 
be  seen  from  Wection  T.  that  the  hilly  country  through  which  that 
section  runs,  and  also  that  to  the  north-west  of  it,  really  form 
pitrt  of  the  Pennine  Chain,  because  their  strata  are  all  alfected  by 
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lliat    i:n-Al    u[)h<«val.     It    w    onlv   when   n-e   t^t    »    little  forthfr 
ftvay   fruni  l)i«   Petuiint-  ChAin    that    liie    dip  assumes    a  gencnl 

rth-wrst  and  wuth-nut  <liR-ctiuii. 

The  OHARACTKit  axd  Thickkess  or  the  Strata  8howx  dt 

SiKTIOK    I 

Thp  Itough  Hock  and  flni'«tone  and  intermediate  s]iali>s  tinder 
Oveuileu  and  Halifax,  XurUnd  and  0^e<^ttHnd  Moi>rs  have  a' 
'AifknMa  uf  alxiut  l&O  f<wt,  luid  tht-  shales  b«-li>vr  are  abtnil  ISO 
:00  fret.  In  thrsp  sholi's  is  a  bvd  of  maritie  fiwsil  shrlU 
CODtaining  Avi(.'ulopecten,  Fosidononiva,  and  Oouiatit<^  these  beinp 
ttie  mu«t  cuniRiuu  fusils  in  all  th«  Millstun^  Grit  shales,  beddts 
nuiny  irthtT  sliulls  and  fish  remains.  Tliis  fossil  if  erous  bed  hu 
'Xpiii«i-<1  in  aereml  places  in  t)ie  district,  and  has  j'ielded 
to  the  writer  between  20  and  30  species.  Towards  the  base  of 
the  shales  is  a  l>ed  uf  I'ual  about  six  inches  in  thickness,  havinn; 
indcr  il  a  bed  uf  seitt-enrtli. 

On    the   suniniit    .rf   Cr^^w    Hill    in  Sowerhy    is    an   outlier  of 
these  shales,  crowned  bv  about  12  feet  of  flagstone. 

The  Third  Gritt  may  he  regarded  as  intermediate  beds  or  "middle 
UritH,"  which  occur  in  the  great  mass  of  shales  between  the  Rough 
Kock  and  the  Kinder  Grits.     The  beds  A  and  D  are  fairly  persistent 
over  a  large  part  of  our  district,  but  the  bed  A,  which  ia  a  typical 
tjrit  under  Cold  Ed;;;e,   becomes  deteriorated  in  Wheatley   valley 
and  other  places  inti>  ragg\'  shale.      The  beda   B  and    C  are  of 
a  lenticular  character,  and  seem  to  thin  away  into  rag  and  abate 
now  Hn<l  iheii  and  come  in  again,  but  often  at  different  horizons, 
in   the  shale,  rendering  it   a  difficult    task    to   correlate    thero    in 
tlifferent  liR-alities.    The  total  thickness  of  the  Third  Grita  in  Calder- 
dale  in    the    line  of   the  section   is  about   600    to    70O    feet,   bnt 
further  west  the  li)wer  beds  seem  to  increase  in  thickness. 
7'Af  ai-rayi;  ihirkiws  of  the   Third  Grits  of  the   Sectioti. 
A  40  feet,  shales  100  feet=UO  feet. 
B  60     „         „        100     „    =160     „ 
C   50     „         „        100     „    =150     „ 
1>  80     „         „        150     „    =2.%     „ 
6«0     „ 
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Id  connection  with  each  of  these  grits  is  a  thin  seam  of 
coal  and  underlying  seat-earth ;  only  in  one  place  have  we  found 
the  seat-earth  wanting,  but  in  several  instances  the  seat-earth 
occurs  without  the  coal,  indicating  that  the  coal  had  been  denuded 
away  before  the  seat-eartli  was  covered  up. 

From  what  we  have  said  about  the  lenticular  character  of 
.the  beds  of  grit  and  sandstone,  it  will  be  understood  that  in 
drawing  the  beds  as  continuous  across  the  section,  and  on  the  same 
horizon,  we  have  only  indicated  their  general  average  position. 
In  places  Kome  of  the  beds  of  grit  and  sandstone  cannot  be  seen, 
having  either  thinned  away  or  are  too  thickly  covered  with  clay 
or  other  dibrw,  but  as  a  rule  they  furnish  us  with  fairly  good 
escarpments. 

We  liave  endTOVoured  in  the  alwve  estimates  to  give  a  correct 
idea  of  the  thickness  of  each  bed  of  grit  and  shale  from  data 
obtained  fifini  Iwds  ex[«)s«J  either  along  the  line  of  the  section 
or  in  its  vicinitv,  and  in  cumjiaring  them  with  their  heights 
above  sea  level  (taken  fiimi  the  Ord.  Survey)  we  know  that  our 
estimates  are  tolerably  correct. 


Descriptio.v  of  SEcrriON  II. 

SECTION   OF   THE    MILLSTONE   CKIT    ROCKS   FROM    WEST  TO    EAST 
ALONO   THE   SOVTII   SIDE   OF  THE   RIVER   CALDER. 

Xo  continuous  section  of  the  beds  along  the  lower  levels  of 
the  Calder  valley  has  hitherto  Ix-en  attempted.  The  numerous 
breaks  in  the  siiles  of  the  \allcy,  thiimgh  which  its  tributary 
8tn»ms  join  the  river,  render  it  a  difficult  task  to  make  a  continuous 
geological  section  along  the  Imnki  nf  the  river.  At  length,  after 
much  study  and  research,  I  have  made  the  attempt,  and  trust 
that  the  section  will  l)e  found  to  l>e  fairly  accurate. 

The  section  is  taken  along  the  south  bank  of  the  river  and 
as  near  to  it  as  is  compatible  with  obtaining  a  continuous  suction. 


•>.■■=.    ■:•    rr-W     LsSir 


*»U*v,  trai-ir^    :1-^ 


BPEKCBB  :   THE   yOnEDALE  AND   MILLSTONE  GRIT   BOCKB.        389 

down  the  left  side  of  the  vulley.to  this  place,  a  distftnce  of  five 

Fii)ni  Sowerby  Bridge  down  to  North  Dean  the  Third  Grits, 
which  appear  tu  decrease  in  tliicknesM  as  they  go  eastwards, 
gradually  sink  below  the  surface,  and  finally  the  Kongh  Rock,  the 
uppermost  member  of  the  Mill^^tone  Grit  rocks,  Hinks  under  the 
Lower  Coal  Measure?)  at  Halifax  and  Elland. 

Sections  I.  and  II.  will  show  that  in  this  district  there 
is  no  break  or  natural  dividing;  line  between  the  Yoredale  strata 
and  the  Millstone  Grits,  nor  between  the  latter  and  the  Lower 
Coat  Measures.  This  is  fully  borne  out  by  evidence  derive*!  from 
the  study  of  the  fossil  shells  found  in  these  beds.  The  whole  series, 
of  Yoredale,  Millstone  Grits,  and  the  Halifax  Coal  strata  of  our 
districts  appear  to  be  estuarino  deposits,  but  in  some  places,  as  in 
the  neighljourhood  of  Harrogate,  Kipon,  Fountains  Abbey,  Tees- 
dalt  At ,  the  corresjwndiii};  iH^ds  are  litr;;ely  of  marine  origin, 
anil  eontiiin  a  large  number  of  Mountain  Limestone  forms.  We 
allude  to  this  fact  to  i-eniin<l  the  student  that  whilst  our  local 
beds  of  sandstone  and  gi'it  and  shales  wei-e  being  deposited  in  a 
lai^t  estuar\,  some  40  or  50  miles  to  the  north-east  contempo- 
raneous depo-iits  wen"  being  foi-ine^l  in  the  sea,  consisting  mainly  of 
limestone  and  lakureous  shales  and  thin  grits,  and  containing  a. 
similar  suite  of  marine  fossils  to  thi>se  of  onr  Millstone  Grit  shales, 
but  with  a  gieater  proportion  of  deep-^ea  fomis.  During  the 
frequent  osiilUtions  of  the  leiels  of  the  land  and  sea-bed,  our 
Millst^me  fliit  area  must  have  l>een  frequently  in  communication, 
with  the  sea,  whose  inhabitants,  niigniting  into  our  area,  left  their 
remains  m  the  fossil iferous  l>eds  of  the  Millstone  Grit  shales. 

The  Millstone  Gnts  are  divided  from  one  another  by  thick 
beds  of  shale  each  of  these  contains  one  or  m(ire  berls  of  fossil 
shtlK  and  hsh  temains  All  the  species  found  in  these  beds  also 
occur  in  the  Yoredale  strata  ;  the  chief  difference  between  the 
two  suites  seems  to  Ije  that  the  species  become  fewer  and  fewer 
in  number  as  we  ascend  in  the  series  of  Iwds.  The  number  of 
si>ecimens  of  shells  in  some  of  the  beds  is  a.s  large,  if   not  larger 
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tbsn  oocnn  in  the  Yoreriale  IimIh.  In  tht^  nhftlee  of  the  Ttiini  GriL 
ftsMvd  through  in  sinking  the  ahAfw  on  Wadiiworth  Moor  fa 
the  HKlifkx  Watt^rtrartca,  beds  of  biftck  foMilif^roan  ahalen  full  n 
A^-iculopwt«^,  Gonintiten,  iciu,  10  fuet  to  30  feet  in  thiokodB 
'Vtre  IMS  with. 

Th«  marine  ibolla  aild  fltlHromain«  found  in  the  roof  of  th 
Haliftg  nud  Bed  Goal  elao  belonf^  to  the  «aiiie  g<>ncru  lu  thia 
et  the  Toradele  ihale,  with  periinps  »  r<>w  luHitionnl  foraa. 

The  gradual  develofunentoC  (''">"<'''''< //~'-''' iv  well  UlusitMcd 
in  tbew  faeda.  In  the  Yondalti  tlii..  sU-]]  is  ..i  hiumU  furm,  ud 
good  upotameaM  are  aoraewhat  me.  Tlipy  gentrally  occur  in  tb 
abalea  of  the  Tcndale,  MOlatone  tlrit,  and  Coal  strata  in  a  criuhtd 
«ottdition.  In  tlie  Yoredale  ahalex  of  Todmorden  small  limmkuK 
nodolea  ooeur  in  vhidi  small  apet-imenR  of  this  species  are  fotttiH  ini 
good  Btate  oi  prmomtioa ;  all  tho  n^jecimens  T  have  seen  are  of  simI 
aiie,  but  aa  we  trace  their  cnuhed  fomiK  through  the  shales  of  tht 
Millstone  Orit  the;  seem  to  gradnaUy  inoreaae,  both  in  immtei 
and  in  size.  In  the  iiiarine.bed  over  the  Halifax  Hard  Bed  Cm 
Goiiiiidten  linteri  occurs  in  all  sizes  from  that  of  a  pin's  head,  o 
even  less,  to  others  from  four  to  six  inches  in  diameter,  and  in  vu 
numbers.  Only  a  few  other  species  of  Goniatitea  occur  in  tl* 
be*l,  niid  none  of  them  seem  to  have  undergone  any  change  ii 
form.  The  Ijeautiful  little  shells,  G.  loonryi  and  G.  ffilbrrtton 
are  of  the  same  size  a-s  they  are  in  the  Yoredale  beds  and  ii 
about  the  same  i-elative  propirtion.  Goniaiius  reticutaUui,  thi 
most  common  form  in  the  Yoredale  rocks,  appears  to  hv 
de;;enei-ated  in  its  juurney  througli  the  Millstone  Grits.  Thi 
beautiful  fossil  assumed  several  distinct  forma  from  its  birtl 
to  its  aijult  stage,  when  it  reached  a  diameter  of  three  o 
four  inches.  But  it  gradually  dwindled  away  both  in  size  an 
in  numbers  in  its  passage  through  the  grit  rocks,  and  seems  t 
have  died  out  at  the  end  of  the  Third  Grits  and  the  overlyin 
shales. 
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ON  SOUK  POSail.  PIBH  POUND  IN  THB  MILLSTONB  GRIT3  0?  YOBKBHIRK. 
BV  EDftAR  D.  WELLBURN,  L.R.C.P. 

(Rmtd  Jmie  lOth,  1898.) 
Plate  LX. 
On  January  27th,  1874,  Mr,  John  Aitknn,  of  Bocup,  read  before 
the    Manchester  Geological    Society  a   paper  on  some  fossil   fish- 
remains  he  had  found  in  the  Millstone  Grit  Herieu  at  Wadsworth 
Moor,  near  Hebdeii  Bridge.     They  were  found  during  the  execution 
of  the  works  carried  on  by  the  Halifax  Corporation  for  conveying 
water   from  Widdup   valley  to  that   town  by  a  tunnel  excavated 
through  Wadsworth    Jloor  in  the  direction  W.  and  E.,  and  at  a 
depth  of  384  feet  from  the  surface.     At  this  horizon  a  bed  of  fine 
black  laminated  shale  was  encountered,  having  all  the  appearances 
and  characters  of  a  true  Coal  MeuNure  shale.    On  splitting  this  shale 
the  surfaces  revealed  the  presence  of  multitudes  of  fossils,  some  being 
very  perfect,   uthers  fragmentary-,  Goniatites  and  Aviculo-pectena 
prevailing.     The  shale  also  contained  a  number  of  nodular  concre-  * 
tions,  and  fi-om  these  the  lai^est  number  of  the  fish-remainti  were 
obtainetl,  a  few  others  l>eing  found  in  the  shale  itself, 
■*•  Section  shorvijii/  t/i-'  exact  poxition  occupied  by  t/ie /oggili/eroHg  BhitU. 


No.      I.  Grit— Rough  Rock       

ShaWs       

100  feet. 
300  feet. 

No.    II.  Grit.— Givv  Grits  of  Kockinji;  stones... 
Shales      

80  feet 
3.iO  feet. 

No.  III.  Grit  or  Galliard  rock  with  Coal  strata 

100  feet. 

Blue   Shales  (ttsh  in  thin  shales 
200  feet  from  the  top) 

450  feet. 

No.  IV.  Grit.— Pebbly  Grits       

120  feet 

Yoredale  strata 

600  feet. 

On  November  Uth,    1K96,  Prof.  P.  F,  KendaU,  I-.G.S.,  and 

[r.   A,   Slater,    B.Sc.,    found     in    some  dark    shales  at   the    base 

Mr, 

of  the  Middle  Millstone  Grit  (pi-obnbly  the  same  as  the  Third  Grits 
of  Mr.  James  Spencer}  a  slab  containing  the  reniains  of  two  genera 
of  lish,  viz.,  Acaiilko'lee  sp,  ?  and  Acro/epin  Il'ipkiiigi  McCoy. 
'  After  tliB  late  Mr.  Jamos  Spencer. 
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Agiun,  in  the  prewjit  yew,  Mr.  Thuui^  Salt^ustjUl,  of 
8(iw<-rliy,  i^nt  me  &  Gn-Kpiiie  tliiit  I  km  uii&ble  t<j  distingui^ 
from  Arantkodrs  IVartii  Egprtoii.  lie  found  it  in  u>me  dark  shal« 
uJhu,  at  the  base  of  th<-  Third  Grit,  at  BoiiUIer  Clougli.  SowerW. 

Ami  tjnili-'  nw-iilly  I  fouud  in  the  coUeclion  of  the  5«te 
Mr.  Jiim<;s  S[ienct.T,  of  Halifax,  a  hIaIi  «bowiug  AcantluxliaD 
rcniMtiii,  which  liad  been  found  in  the  shale  at  the  base  of  the 
Third  Oi-it  at  Kitnhouse  Wood,  Luddenden  Dean,  Luddendea. 

Kn>m  tlif  ulnjvc  it  will  In-  swn  lh*t  up  Ui  the  pivsent  tiine 
nil  the  fish-remnin*  hnvp  tjeen  fount!  nl  one  horizon,  viz.,  in  dark 
xhales  neitr  tlic  ba^C  of  the  Third  Grit,  and  as  far  as  I  knon  this 
in  the  t>uly  horixou  at  which  they  liave  been  fouod  ia  the  whole 
of  our  Mill-itone  Grit  series. 

RbMariu  ox  the  Fisu-REUAiN-a  Foln 

SUB-CLARN  :    EL-^SMODBANCDII. 

Order  1, :  Iciithtotomi. 
.  Family :  Cladodontidn^. 

Genus:  Cladodus  Agassiz. 
8p.  Cladodiix  sp.  ? 

Teeth:  Loc.,  Wadsworth  Moor. 
Oi-der  II.  :  Ac.i\TIIOIH. 
Family:  Acanthodidie. 
Genus :  Acantliodes  Agaasiz. 

1.  yp.  A<-a„tk.>d-^a  Wardi  Egerton. 

Fin-spine  liaving  the  following  cliaracters : — Seythe-shaped, 
much  laterally  compressed,  with  a  faint  groove  and  ridge  parallel 
with  the  anterior  border,  and    disappearing  distally ;  distals  flat^ 

2.  Arantftt^f-^  (iVintli  Egerton?). 

Fragment  of  fish,  showing  the  body  from  immediately  in 
front  of  the  "  Branchial  arches  "  to  about  three-quarters  of  an  inch 
behind  the  dorsal  fin. 

The  lo'Ii)  is  much  flattened  and  covere<l  with  patches  of  small 
(juadrate  granular  scale",  wliieh  are  snicoth  and  faintly  hollowed 
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Fig,  1.  AeraUpU  Hopkinri  McCoy.  HomI,  actual  siae. 
Puietals.  F. — FrontalM.  E.— Bthmoid.  Sq.- 
mosaL  80.— Sopro  orUUl.  Or.— OrlibJ 
PHx. — PremaxilUI  enubed  faackwrnnk  int-i  nrbi 
Mx.— MuilU.  Most  of  the  bonv  ihov  On  "taba 
cnUr  onuuDenbition "  in  impwwioo.  Fnim  Um  MQ 
Btone  Orit,  Wadiworth  Moor.  Spacunm  in  Hi 
WoodwardisD    Hnaettm,  Cambridge. 

Fig.  3.  AeroUpii  Napkinn  McCoy.  Put  of  under  anibee  4 
he^.  Br. — Braachioat^ft]  raja,  iite  "  tobemili 
omamefltetion "  ahown  in  imiweaeion.  ICL — Infn 
claviculara.  CI. — Clavidea.  From  Willatufiiff  Qriti 
Wadsworth  Moor.  Specimen  in  the  Woodwardin 
Hmteom. 

Fig.  3.  Acroitpu  /lopkitui  McCoy.  Part  of  body  showing  seal* 
and  part  of  left  clavicle  t  (CI.).  3a.  Flank  acaJ 
enliirj;ed.  3/i.  Under  Hurface  of  scale.  From  Mil 
Kt»ine  Giit,  Wadswortli  MtKir.  Specimen  in  tli 
Wixxlwarriian   Muxeuui. 

Fig.  4.  Ar,uit/ioi/>-^  W<irdi  Egtrtoii.  Fragment  of  fish.  P.F.S.- 
Peetoral  tin  spine.  V.F.S. — Ventral  fin  apinp.  V.F,- 
Part  of  ventral  tin.  A.  F..S. — Anal  fin  apim 
D.F.S.  Daraal  fin  spine.  8. — Hcalea.  in.  Group  i. 
HC-iileH  niagnified.  Frnm  the  MtlhUme  Grit,  Eccup.  I 
tin.'  iiutlior'H  t'ollec'ti<ni. 

Fig.  !).  Ariiii/fiiidiiK  H'ardi  Ejjertori.  Kin  opine  (pectoral  ?)  nature 
size.  Fiiim  the  Millstone  (Jrit,  Sowerby.  In  th 
uiitlior'tj   collection. 

Fig.  6.     ClitiloduK  (Mirabili"  Agassizl).    Imperfect  tooth  mtiHiiifieti 
From    the    irillsltme   (Jrits,  Wjulaworth   Moor.      8p>eci 
men  in  the  ^Vuotl  ward  inn  Museum. 
NoTK.-  L'nfoi-tiinateh-  it  is  only  ainee  the  completion  of  m; 

paper  that  \  Imve,   through  the   kiniineiw  of   Prof.  T.  McKeitn; 

Hughes,   FH.S.,  find   Mr.  F  K.  U.  Reeci,  .M.A.,  had  the  pleiusur 

of  seeing  anii   figurin';  the  iilxivi-  sjjecimens. 
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Sraiu^hirtl  Rfgi&n  is  shown,  but  the  five  calcified  gill  arches 
are  not  well  marked. 

Fln-»pine».  The  pectoral  is  well  shown,  being  broad,  robust, 
somewhat  laterally  compressed,  and  shows  a  faint  groove  and  ridge 
parallel  with  the  anterior  border,  disappearing  distally.  The  spine 
being  displaced  upwards  and  backwards  into  the  body,  the  fin  is  not 
shown. 

Ventral. — The  basal  part  of  this  spine  is  shown,  and  there 
also  appeal's  to  be  a  faint  indication  of  the  basal  part  of  its  fin  I 
The  spine  is  situated  at  a  point  "about  one-third  nearer  the 
pectoral  than  the  anal  spine," 

Anal. — Only  the   basal  part  of  this  spine  is  shown. 

Dori>aL — Well  shown  at  a  point  slightly  behind  the  anal 
spine ;  it  is  slightly  less  than  half  the  size  of  the  pectoral  spine,  is 
not  so  much  laterally  compressed,  is  somewhat  tumid  proximally, 
and  shows  a  well  marked  groove  and  ridge  parallel  with  its 
anterior  border.  No  fin  is  shown,  the  spine  Iwing  compressed 
downwards  and  backwards  into  the  body. 

Determitiatiuii  ofn/iecips  seems  to  rest  between  A.  iVartli  Egerton 
and  A.  nifadiig  A.  S.  Wowlward,  and  I  refer  the  .specimen  with 
some  hesitation  to  the  former,  considering  the  character  and 
position  of  the  central  fin. 

3.  AeaiithfKl''ii  sp.  i 

Mr.  Aitken  mentions  part  of  the  body  and  scales  of  this 
genus,  the  species  being  doubtful. 

4.  Acaiith4)d''»  sp. ! 

The  specimen  shows  two  fin-spines — probably  the  dorsal  and 
pectoral ;  also  jiatches  of  scales  which  are  very  minute.  The 
determination  of  species  is  impossible,  the  specimen  having  suffered 
so  much  from  erosion. 

Sub-clash  :  Telkostomi. 

Order  I.  ;  Chossoptery«1[. 

Sub-order :  Rhipidistia. 

Familj- :  Rhizodontida'. 

Genus :  Strejmodus  Young. 


TTle  i<ftt.i  Vic*-  1 
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•  ith   the  «-u«fit»« 

t^inJ   ,rf    thr  h«jT. 

.1  "-VC*-'  in^  '"^naKfidlT  p(vsMT«<i,  tod  show  the  beandfnl 
Lr^to-TiT^::-.'  < 'cruummcatnici  i  ~  uMlalating  ridges  passins  at 
IT.'  ■fU'Ciat.-i  taivrvTiW— Tr*ijo«ir>.  On  the  right  sid* 
air.-  't  i  ivi^t  Til  dc  .  -  ravs  noaitknlated  for  sboat  ooe- 
;«r  ".eci^Q  '— Tra.iii*£r'.  aixI  t"o  the  Irft  «re  sereral  stuQ 
li  p  j.:<^  br»nt-fi>"«p-jil  r»Ts».  aiso  t«x.  Urg««-  plates  which 
jr.  Tbe  ivales  at^  rhomboidal  in  shape  and 
«iifa  -r>iw*  «»d  farrows  trsvnsing  ibein 
*«..»*  c-r-s  wi;!!  tf»eir  :.>a^  »xis  ? — Aitken)  tcilA  tke  g^prrior 
mam/  I-  •-••>  >-  '■■  r'i~r^  tn^i  -^f'r-'f  tw  4  '(i*-  icifA  /A*  bodjf  of  the  fi&h : 
ibe  r«i,s>  rjnTHj;  a  trt>.>fc»'_v  to  bifnrvate  and  itot  nii&««arat]v 
further  -;;S.;ii-:v»e  int.>  :*\'  mt  thrve  braiK-h«»,  these  aA«n  cOQTetpo^ 
«n<l  Vwvaiiru;  tv-uait^i.'  This  snJe  omanmiutioii  corresponds 
ti>  a  s:tvtti  e\:ect  with  tr^:  jvien  br  I*r.  Traqiuur. 

(.Vans  II,:   J.-f'-tia   AiA^eiz. 
Six  A.  //.lii-wi"  MiOt. 

In  tW  \Vivniw»i\iian  Musfmii.  Camfarid^,  ar«  fire  specimeiu 
iA  this  fish  fiv«i  W».i<wv*ih   Moi*.      Mr.  F.  R.  C.  Re«d,   M.A., 
<;«.>.  Ma^..  l>n..  3r<i.  \\^  !tl..  Xa  !«.  p.  444.  ISaa 
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informs  me  that  tliey  comprise  portions  of  the  "trunk,  showing 
scales,"  and  portions  of  the  "  head,  showing  crania]  bones." 

The  specimen  found  at  Eccup,  near  Leeds,  shows  a  mass  of 
scales  on  both  sides  of  the  stab,  and  probably  represents  the  central 
portion  of  the  body.  The  ornamentation  on  the  scales  is  beautifully 
shown,  and  consists  of  pi-oniinent  oblique  ridges  occasionally 
branching  and  anastomosing,  <ir  where  two  diverge  another  being 
intercalated  between  them.  The  interlocking  of  the  scales  is  also 
very  well  shown,  the  anterior  superior  border  being  produced  upwards 
in  a  very  striking  manner  ;  the  outer  surface  of  this  projection 
and  the  spine  articulating  with  the  inferior  and  anterior  portio:is 
<rf  the  inner  surface  of  the  scale  above,  producing  a  very  firm 
and  powerful  union. 

Note.— Besides  the  above,  3Ir.  Aitken  mentions  the  follow- 
ing:— 

1.  Cfffwaiilhus  hyh'nih-x?   Tooth   of. 

2.  Skhodiu  rnhhTti?  Spine  of? 

3.  Pnl'-mis<-u*,  Scales  of. 

The  first  seenis  to  lia*e  been  a  tooth  of  CladiidHH  sp.  ?  but 
-of  the  others  I  ran  oft'er  no  upinion,  as  I  cannot  trace  the 
specimens. 

Tabular  Sum«.*kv   of  the   Fish-Uemains,  with  thuib 

STR.ATlfiKAPnR-AL    DlSTKlltUTION. 


;    ImiIiIhiiIhi  ■     Bonltlv 


1.  C/adodiin  sp. ! 

2.  Aeanthod'-s  ]\'nix/i  Kg. 

4.  Shvperi'liiii  sp.  ?    ... 

5.  Palnmii^rtig  '. 

6.  Ehmicklhy*  AitA-'i.i  T 

7.  Acrolfj/i*  //ojiiiti.'<i}.li^(. 
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If  .ii;v..i:t*  will  take  the  tn»uble  to  o«in>ult  the  on< 
•  •riiiian.-*'  iiiaj»^  ••!  the  Vale  uf  Yurk,  t\»r  a  ciistaiK*e  of 
:l'  ii.i!»^  '-n  t-ither  <Me.  an«i  mark  off  the  number  uf  ] 
!i:»'n:i«  luti,  he  will  W  <urpri»ie<l  to  tin'l  that,  while  only 
» tj;;r  "H  t:ie  <«iuth  Mile,  no  le^^  than  thirty  apjtear  or 
i.'-rth.  Thrre  iiiu^t  Ix*  «»me  reason  for  thi<  peculiar  distrili 
« I  i;iii!:e<  wliith  I  pn»p>se  briefly  to  om^iiier.  In  the  first  ] 
^viMt  i-  th»*  tiiAiiiini:  line?  The  terminal  moi-aine**  of  the 
1:1  Tilt  o«n:?iirJit  izlacier^.  which,  in  the  Ice  Ajre,  «;K?cupie<l 
1:11  ♦r  i-r:i"n  "I  ihf  Vale  uf  Y««rk.  Th«^  clsicier  «.in  the  ea 
-     •         .:..■       '.       \     !;  ■  :  .     >:a::.:i.   •  i".    u:.'\    i^    .:!ia!;i.v-ii^t'<i     i.v 


••     I:    :, 


\  •  «     • 


••  .  i»  1  -. 


'_     !.    .;    .     :.•■;    :■  rii..     i-   ;./.    ii":<'iai!:' ^   - .  •.   ti'-m    HiLiIi    t'; 

K-  :..^     ..'.  .     >::'::.::::••»•:;    ai.':l.'*i-.    a     u-w    n;:!-^     in»rtliv 

T  I    ;  ;  •  :     11'  .:;  -.•  \'    :«►    ^'ik.        It    !.a^    I'rt-ll    <jU»'^t  iiiiitMl    \\ 

.  r    :"■  ■•    •  Nv  .    :-    '!.»■    ..'..•.'-:.        I:i    n.v    ■■i-;ii.«'n    :}i»'     irlaoi^T 

t\*' •■:•■•;     I-    r  ;'.    a-     K-' i:-  K.   a:.i    -•.' -Mi'^-i.tlv.    in    ^lninkii!::. 

-.v..-:-;     :..  ■  ;i;!.«-    ::l     ^^■:k.        T".:>     i-    in    a«-o<»niaTh*»'     with 
'    .:.;i!:tx    ;;x    1    '.ii\f    '..i'\    "i  I  •  :  :"!.;::v-    •■!    fxamiiiiiii:    in    Swi 

'!'■«•     Wr!.-'- \  "ia".'      ::ki»  :•  :•     '•  It     "T;.v     "Im*     trniiiiial     ni<»! 
.  \t»'!. .1:1:1;    !!•:::    Y:k    :::-\::^!i    I  •:  ■  !  ■  .i.:::!!    :■•    ll'-alaiiirh. 

It  :'':«'  i!.-;::ii':  tak*  -  lii-  ^t.i::"ii  -n  tl.»'  r<ta«l  tn»ni 
:..  St.;nit.  i«i  ni:«:-'-  :  «■  ''^^'^  ■-■»"i  -'•i*  1"'  i"  '»i^  '^  ri«li:»' 
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north  there  is  a  dead  level,  to  the  aoutl)  one  somewhat  similar. 
Really,  he  is  on  the  terminal  moraine  of  the  Stainmoor  glacier. 

What  has  planed  down  the  whole  country  northwards,  and 
left  so  many  places  designated  as  moors  ?  This  is  the  question  I 
I  have  little  hesitation  in  answering,  the  glacier  did  it.  It 
easily  removed  the  surface  soil ;  and  the  subsoil,  consisting  of 
New  Red  Sandstone,  offered  no  resistance.  In  the  process  little 
Boulder  Clay  was  deposited,  because  the  mud  was  constantly 
carried  away  by  the  streams  which  flow  under  all  glaciers,  and 
there  was  nothing  to  check  the  escape  of  the  muddy  water.  It 
neems  to  me  that  Boulder  Clay  can  only,  as  a  rule,  accumulate 
in  hollows,  or  where  for  some  reason  the  mud  cannot  escape 
and  lias  time  to  settle,  as,  for  instance,  in  Eskdale  and  in  all 
the  pre-glacial  \'alle}'s,  in  fact,  on  the  coast  facing  the  icewall 
which  then  existed,  or  between  a  moraine  and  a  line  of  hills, 
as  in  the  rear  of  ISheriff  Hutton.  The  centre  of  the  Vale  of 
York  to  the  north  was  washed  clean,  and  nothing  but  sand  left 
behind,  which  constituted  a  most  unpi-ofitable  soil,  whereas  to- 
the  south,  in  front  of  the  moraine,  a  good  deal  of  mud  was 
dropped  and  mixeil  with  the  soil,  cn-ating  a  sort  of  loam  ^iliich 
was  more  productive. 

It  is  in  this  way  that  I  ventuit  to  explain  the  presence^ 
of  moors  in  the  north,  and  their  absence  in  the  south,  of  the 
York   moraine. 

List  of  Moobs. 

1.  North. — Heworth,  Murton,  Holtby,  Huntingd<m,  Stockton, 
Ears  wick.  Common  JMoor,  Haxby,  Wtrensall,  Wigginton,  Thol- 
thorpe,  Kawcliffe,  Clifton,  Skelton,  Hall  Mwr,  Sutton,  Moxb}-, 
Brown  Moor,  Ox  Moor,  Helperby,  Hag  iloor,  Myton,  Aldwarke, 
You  1  ton,  Newton,  ^larston,  Poppleton,  Acorn  b.  Moor  Monk  ton, 
and  Scagglethorpe. 

2.  South. — Harm by-on -the- Moor,  Holme-on-Spaldiiig  Moor, 
Ross  Moor,  and  Ox   Moor. 


^y'-:;^-f  :■.  sir,  i.<»i: 


;   "i  v>c*>W  ;h 


(oM:;    IlKlNANlJlini.  Iti.J 

followed  them,  and  escaped  from  the  field.     And  now  King  Olaf 
found  no  further  resistance,  but  subdued  all  Northumberland." 

If  all  Northumbria  was  subdued,  naturally  its  capital,  York, 
was  in  the  hands  of  the  invaders,  and  we  must  put  away  any  idea  that 
Athelstan  marched  from  York  to  Beverley,  as  suggested  by  Mr.  C.  8. 
Todd,  to  meet  an  army  encamped  at  Brough.  Besides,  this  is  making 
him  come  in  the  wrong  direction — since  it  is  stated  over  and 
over  again  that  Olaf  advanced  from  the  north  and  Athelstan 
from  the  south,  e.g.,  "North  of  the  heath  stoo<l  a  town.  There 
in  the  town  King  Olaf  quartered  him,  and  there  he  had  the 
greatest  part  of  his  force,"  and  "  From  day  to  day  Athelstan  s 
men  said  that  the  King  would  come,  or  was  come,  to  the  town 
that  lay  south  of  the  heath." 

Neither  could  Athelstan  be  at  Beverley  on  his  way  to  regain 
Northumbria,  as  Mr.  T.  Holderness  suggests.  Athelstan  was 
at  Beverley  after  the  battle  (how  long  after  we  do  not  know), 
not  before.  He  had  been  at  Beverley  a  few  years  before  on  his^ 
way  to  Scotland,  and  had  then  sent  his  army  straight  to  York, 
whilst  he  himself  crossed  the  Humber;  but  he  would  never  have 
dreamed  now  of  transporting  an  army  across  the  Humber,  especially 
with  the  knowledge  that  600  hostile  vessels  were  ready  to  opi)ose 
him. 

No — we  may  be  certain  that  Athelstan  advanced  from  the 
south,  and  by  land,  and  that  his  objective  was  probably  York. 
In  that  case  he  must  follow  the  only  existing  road,  the  Roman 
road,  from  Lincoln  through  Doncaster,  Castleford,  and  Tadcaster. 
It  is  somewhere  on  this  line  that  the  battle  must  have  been  fought,. 
for  the  confederates  were  much  in  the  same  position.  They  had 
heard  of  Athelstan's  preparations  and  wished  to  meet  his  advance, 
and  this  they  could  only  do  by  marching  south  by  way  of  Tadcaster. 
Already  masters  of  Northumbria,  they  were  probably  massed  at 
York.  The  Scots  had  arrived  by  land,  Anlaf  and  his  other  allies 
by  Humber  mouth.  Where  Anlaf  landed  we  know  not,  but  it  is 
very  improbable  that  he  took  his  ships  up  the  ri^'er  Hull  to 
Emmotland,  as  Mr.  T.  Holderness  supposes.     The  river  would  not 
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,  in  question,  as  all  archiBolngists  will  allow.  Whether  trenchen 
,  filled  up  with  "  thousands "  of  dead  bodies  are  any  e^'idence,  I 
,  cannot  saj',  I  do  not  know  of  them,  and  can  only  make  allowance 
ior  exaggerated  reports.  Anyhow,  the  tumuli  are,  to  my  knowledge, 
built  on  a  regular  plan,  and  are  no  indication  of  a  battle-field. 
I  may  be  allowed  to  add  that  "  Howe  Hill "  is  a  common  designation 
for  a  tumulus,  and  has  no  reference  whatever  to  the  Welsh  King, 
Howel  Dha,  as  suggested  by  Mr.  Todd. 
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to  north-east ;  and  the  lines  on  both  sides  are  nearly  at  right- 
angles  to  it.  Those  on  the  east  begin  on  the  verge  of  the  sloping 
bank  on  that  side  of  the  valley,  and  extend  eastwards  above  100 
paces.  In  tliia  range  are  2B  pits,  14  in  each  row.  The  breadth 
of  the  whole  range  is  about  50  feet,  including  the  walls  on  each  side. 
The  breadth  of  each  pit  in  about  10  feet,  which  is  nearly  the  distance 
between  one  pit  and  another.  Beyond  this  range,  100  paces  to  the 
south-east,  is  the  L-omniencement  of  another,  containing  only  6  pits, 
3  in  each  row,t  yet  having  a  wall  on  each  side  like  the  other. 
But  the  principal  collection  is  on  the  west  side,  commencing  at 
about  150  paces  from  the  western  edge  of  the  valley,  and  ex- 
tending westwards  to  a,  great  distance.  This  collection,  which 
is  not  exactly  in  a  line  with  the  first  range,  being  a  little  south, 
is  composed  of  two  ranges  ;  the  one  130  paces  in  length,  comprising 
30  pits,  15  in  each  row  ;  the  other  about  140  paces,  containing 
34  pits,  17  in  each  row.  These  two  ranges  are  nearly  in  a  line, 
an  interval  of  25  paces  being  left  between  them.  They  are  a 
little  broader  than  the  fii-st  range,  a  wider  space  being  left 
between  the  rows  of  pits,  which  an'  enclosed  by  the  same  kind 
of  low  earthern  walls  on  the  outsiiie.  There  are  no  walls  at  the 
ends  of  any  of  the  ranges,  these  being  left  open,  apparently  with 
a  view  tn  admit  of  additions.  Tlie  most  westerly  range,  which 
is  also  tlic  largest,  is  distinguished  by  this  peculiarity  :  that  near 
the  middle  of  the  south  niw  we  find  instead  of  a  pit,  a  circular 
xpace,  35  feet  in  diameter,  enclosed  by  the  low  wall  on  this  side, 
which  here  projects  in  a  semicircle  outwards,  and  another  semi- 
circle inwards,  to  form  this  circular  space ;  the  centre  of  which 
is,  therefore,  not  in  the  line  of  the  pits,  but  in  the  line  of  the  wall." 

Secondly,  in  the  Oentlnnaii'i'  MiiijtizUni  for  1861,  in  an  article 
on  encampments  and  earthworks,  tht.s  series  of  pits  is  also  referred 
to  as  under  ; — 

"The  most  interesting  and  instructive  site  (speaking  of  pit 
settlements)  is  that  on  the  Dan  by  Moors.  For  the  following 
account  of  this  n'niarkable  spot  I  am  partly  indebted,"  says  the 

t  These  lire  not  shown  on  tlit  Ordnance  Suney. 
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itH  n^tiliiicar  (^mntt'.      But  the  enclosure 
i.iiiiiplt!U<i:l  by  the  addition  of  an  int«riot' 

Thi«  intcrruptM  the  n^jjularity  of  the  'street ' 
eiu-h  lit"  the  t'tiif.r  j^rimpM  the  'Mtreet'  in  peiieotly 
n.  The  eiidH  i>f  tlif  mws  or  Mi-called  'ata^ets' 
ry  <-ase  ;  ulthougii  in  one  instance  the  two  pits 
pluceil  nearer  each  other  than  tlie  remaining 
mtriK't  the  entrance  to  the  interior.  If  all  were 
id.  the  t^.tal  lenjilh  would  \n:  fitiiii  1,200  to  1,300 


])laced  e 

feet." 

Thirty  years  lat^'r.  Canon  AtkinMoii,  the^wi-itei-  iif  the  previous 
article-  afti^r  iiaviiifj.  it  tnay  Ih-  sujiiXBied,  obtained  new  facts  and 
further  inforiimlioJi  on  the  subject  like  a  true  philosopher,  changes 
liis  views,  as  ill  his  /■■;rfi/  i'rnrx  !..  <i  Mourlnml  r.tri„h,  pubHshe<l 
in  1801,  he  alMindons  altoj.'ether  the  pi tni welling  theory,  and  assigiw 
ahiioht  <.'very  f^roup  of  ])its  to  mining  ()|>et'ations,  and  at  p.  17:>, 
in    sjiecially   n^ferring   U<    the    pits  now    under    ihacussion,  snys :— 
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" Evrm  lit  tho  HritUh  sillaup (in inir  Dnnhy  Nortli  Muor,  bolwr^ 
ttic  BeAcon  nnd  Waupley-  pcrliap*  hoiiouivH  wit))  more  pilgriica^ 
tli&n  any  uther  on  the  lUl — tht-  tAie-teUuig  map  pliux'^  *  eeta 
at  '  iiiipucv  ininNtoiip '  iii(X)iivfnitnitlj'  cluse  by.  And  yet  thi»  i*  lU 
onPi  nf  nil  [ithcni,  thr  cirtm instances  nnd  xumiundingx  of  wkid) 
admit  of  most  dnubt  rh  to  their  ori^^nftl  intentiun  or  munm  ifein 
For  they  ar*  not  only  not  armnKvd  in  more  or  less  ([innctiDx 
order  an  the  rtwt  aw  (or  have  heum),  but  they  are  in  two  paralltl 
rowH,  nn'I  upptirfntly  with  im  intended  outside  bank  01-  projwlion. 
They  have  never  Ijoen  pmporly  pxamined,  or  indeed  KubJ<>ct<d  M 
any  procew  of  exploration  that  would  imtiafy  the  tnerest  tyra  in 
such  in(]uiriea ;  for  the  rwwrded  examinntion  alre»M)y  referred  to 
wan,  Hs  A  Huit-ntitic  examiimtion,  altogether  delusive.  True,  lb 
inevitable  'buttom'  and  the  iniivituhle  't-harcoal'  were  found,  and 
the  burnt  stoaee,  and  no  forth.  But  the  full  uiiil  (Xiti^-incin^ 
uiveHtiKiition  reinaiuK  Ut  be  made ;  and  from  my  (»wn  pernood 
expcrituice  on  the  spot,  I  am  disposed  to  think  tiiat  when  the  tmc 
bott-ini   is  fuund   the   British  \illage  theorj-  will   l>e  disposetl  of  fiir 

fc-OlKl." 

At  p.  1 74  Canon  Atkinson  remarks 

"  For  my  <i«ti  juirt,  if  only  the  opportunity  eoiild  Ixr  achievtiL 
I  Hhiiuld  go  in  for  an  examination  of  ajiy  of  those  so-cailled  Britnfa 
villager  with  very  definitely  preconceived  opinions  an  to  what  should 
be  looked  for,  and  the  way  in  which  the  looking  for  it  should  be  con- 
ducted ;  and,  for  one  thing,  I  should  have  no  more  doubt  about  finding 
horiKontal  ojierations  thun  about  the  fat^t  tliat  the  pits  were  therv. 
If  1  did  not  find  the  ironstone  it  would  be  because  it  had  been 
removed." 

Tliis  is  strong  faith,  without  the  leaat  attempt  to  verify  it. 
Being  desirous  of  personally  inspecting  these  pits,  I  took  lb« 
tmin  to  Le&lbolm  Station  on  August  3Sth,  1893,  in  oompanj 
with  Dr.  Wood,  uf  Driffield,  and  then  walked  to  I>anby  Nortii 
Moor. 

Though  we  were  supplied  with  a  6inch  Ordnance  noap,  on 
which  the  pits  were  very  distinctly  shown,  after  traversing  the 
moor    in    various  directionH,  we  were  much   disappointed    in   not 
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being  able  to  find  theni.  Un  July  4th,  1694,  in  oomp&ny  with 
Mr.  C.  H.  Read,  of  the  British  Museum,  and  Mr.  T.  Boynton, 
at  Bridlington  Quay,  T  was  more  foi-tunate.  We  found  these 
pits  to  be  very  uniform  in  size  and  arrangement,  considering 
that  they  were  much  encroached  upon  and  partially  filled  in  by 
the  growth  of  peat.  From  external  appearances  their  age 
seemed  uncertain.  Though  my  two  colleagues  thought  they 
might  not  date  back  more  than  two  or  three  centuries,  I  am 
inclined  to  think   that  they  are  much  older. 

Aft«r  our  return,  I  informed  Canon  Atkinson  of  our  visit, 
and  expressed  my  surprise  that  some  antiquary  interested  in 
those  pits  had  not  during  the  last  twenty  years  attempted  to 
settle  their  origin  by  carefully  cleaning  out  two  or  three  of 
them.       I  received  the  following  reply : — 

"The  pits  you  refer  to  were  dug  into  by  and  in  the 
presence  of  a  large  body  of  wise  men  of  Whitby,  some  fifty 
yearn  ago,  and  a  long  report  of  the  exploration  of  the  pits,  and 
of  the  adjacent  howes.  drawn  up  and  presented  to  the  then  Lord 
of  the  Manor,  and  by  his  son,  the  Lord  Downe,  was  handed 
over  to  me.  I  have  it  still,  and  I  can  say  of  it  that  it  is 
iiliKolutf/i/  v(i/ii>-/fxx.  Many  yeai-s  ^o  I  did  something  towards 
an  investigation,  and  noun  convinced  myself  that  these  wiseacres 
had  not  reached  the  Iwttoni,  as  they  said  they  had.  I  proposed 
t«  Mr.  Greenwell  (aw  he  was  then)  to  come  over  and  join  me 
in  a  thorough  examination  of  their  nature.  Circumstances  at 
the  time  intervened  to  prevent  the  scheme,  and  I  need  not  tell 
you,  who  have  seen  them  with  the  water  standing  in  them,  that 
it  is  not  every  year,  if  any,  that  investigation  is  easy,  or  indeed 
possible.  I  chose  a  dry  year ;  yet  not  more  than  three  or  four 
permitted  devper  digging  than  IJ  to  2  feet.  When  that  depth 
was  reached,  water  began  to  stand  in  them.  I  do  not  seem  to 
think  that  they  would  have  been  very  comfortable  or  healthy 
residences  under  such  circumstances." 

Believing  that  nothing  less  than  a  further  and  careful  appli- 
cation of  the  pick  and  nhovel  in  the  hands  of  an  experienced 
workman  would  give  any  certain  clue  to  their  age  and  purpose  and 
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Atl(inHH)  »fi  Mnv  3(>ih,  ICS'i.  an  «UitnH.t  >rf  irhirh  I  i;i^<  ' 
■■  I  Im»c  ju6t  m»il  _vo«r  acoriant  nf  thr  I>BnbT  Surth 
jtniu|)  of  (Hta,  in  v'lur  vi-n  intt^vwlin;^  Uaik  ( Firrty  Year* 
Muuriaiui  farM).  and  I  l«<rt-  lli«  Tianic  dontAt  u  Ut  tbmr 
•a  rnu  infill  U>  rxpma  >t  p.  ITS.  To  n»>ka<-iMtr  (o  rlmu"  a 
doahl  il  ikvH  M^ni  tu  rm-  nu«ft  thirinitilp  lluit  twr>  or  tlu 
the  riftitbi,-  North  yUtoe  Pitn  xhould  bc>  «i]ipti«<l  bv  «n  fxiKn 
wnrknuin.  1  UiMifhirf  !•■«  you  wiB  «scim>  uo-  Lnkinc  the  I 
of  Mjing  that  if  V<h>  «iJl  ktinlly  ubt«>n  [n-mii<viiifo  to  exe 
wy  tvo  or  tlim>  jiatM,  1  will  nixirftnkr  tn  >mH  (aupplj)  a 
|>A(9it  wiirknuji  uii]   jwy  all  exptmsim.' 

I  soA  ditMppoint«<l  in  receii-ing  the  folluwin^  '^■l5> 
May   iStb,  IW9^^- 

"Ifear  Sir,  VinLiHint  Downe  alaulutviy  )iruhthttJt  imy 
totnpcriD^  with  the  pitH  »ii  D«nhj-  NiirUi  >itHir  bm  that  mg) 
In  your  Icitcr  to  me,  and  d««m  that  the  manurwl  uffioen  < 


!.•<■  warned  apiiriKt  i 
last  It-U^ryou  wnul.l 
t(i   me.  1   am   Ix-Artili 


To   this    I    i 


■   piiujhlf  nttcm]>t   iif   tin- 
-  timl.  M)  fur  a.s  your  pruji-* 
t  (iiif  wiiii  tii»  lordship. 
"FaiUifnUy  your^. 


".I.  C.  Atkixbos. 


"May  liUth.  I89B 
"l)(sir  Sir,  — I  be-f  you  to  uxcune  the  trouble  I  hnve 
you  in  writing  about  the  pits.  1  feel  I  must  npolii^jiio  fn 
making  the  matter  more  clear  to  you  in  niv  lettt-r  of  thp 
inst.  Whut  I  meant,  and  what  1  should  ha\f  .saiij.  was  1 
lakf  a  «imj>et*nt  workman — not  sond  one.  Of  course  vo«i 
have  had  an  oppirlunity  of  lieing  prwient,  and  ab«)  Cation  Or«] 
and  anyoni^  vou  desired  tu  see  the  excavation.  PerhajM  I  si 
to  you  to  put  too  much  reliance  on  '«  c^>mjiet<"nt  workman 
no  stmiiger  to  such  work  would  he  hkely  to  distinguish  the 
of  the  oriKinnl  pits ;  hence  the  probabihty  that  he  wimld,  un] 
ingly,  break   into  the  sides  and  bottom  of   the  pits,  a.iul  no 
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true  uize  anil  nlmpit  wouUl  uot  be  aticertiiiiiiil.  N<i  antiquary  would 
wiHh  U>  reHiuiti  in  the  interior  of  tlie  pits  all  thi-  tintf  th<'  work  wuh 
ffimfi  oil ;  thi'ivt'on'  an  exjxtrieiicecl  workiuaii  should  Ix*  employHl 
of  ooui^w  unil(>r  )ii'oti[.'irnt  HUpef vision.  Your  kiiowludge  of  ttiix 
kiii<l  of  woi'k  for  over  fcirty  yenin,  unil  my  expevieiitc  (without 
any  theory  to  lupjMirt)  for  moi-e  tiiun  thirty  years,  hIiouIcI  be  Honie- 
thing  l>ettei'  tliun  tani{>erin«  with  the  jiibs.  Tlip  next  generation 
even  may  not  Ix'  ahlo  to  supply  inucli  liingci'  expcricn<;i-  than  oum 
in  this  matter.     A;;ain  ajxilogiKing  for  the  trouble  I  have  jriven  you, 

■'  Yours  truly, 

"J.  U.  MORTIMEK." 

After  this  ivfusal  I  thought  that  the  next  best  thing  would 
b<-  to  revisit  and  carefully  I'xaniinc  the  pits,  in  company  with 
niy  friend,  the  Ki;v.  E.  M.  Ci)l.-,  VM.H.,  of  Wetwang,  whose 
knowleilge  irf  eiirtliwovks  in  genoi-al  is  well  known.  On  July  8tli, 
1S'J6,  Mr.  Cole  and  T  visited  tlies,.  pits,  and  the  following  is 
Mr.  Cole's  opinion: -- 

"On  July  Sth.  I89G,  1  accomptmied  my  fnond,  Mr.  J.  R. 
MortiiiKT,  to  make  an  inspection  of  the  pits  on  Diuihy  North  M(X)r. 
By  tin  unuccountalilf  order  of  Liir<l  Dowtie,  the  owner  of  the  manor, 
we  woiv  deliai'iiwl  fmm  making  any  excavation,  which  is  the  only 
possible  method  of  ohtiiiniiig  a  correct  ivsult.  .Seeing  that  the  pits 
in  qui'stion  aiv  on  an  open  mcM>r,  far  fixim  any  human  habitation,  it 
seems  ulisurd  tn  suppose  that  any  harm  could  be  done  by  emptying 
fi  few  of  them  of  the  sludge  which  iu  coui-se  of  ages  has  collected 
in  them,  for  the  pui-ely  seientitic  purpo-so  of  trying  to  ascertain 
their  origin.  But  I  do  not  wish  to  blame  his  l»rdship;  I  think 
he  has  lieen  unwis>-ly  inttaenued,  and  would  withdraw  his  iip[>oKiticm 
weiT  the  mattt-r  laid  propi-rly  before  liini. 

"The  difficulty  was  to  tind  the  pits.  Fi-om  Kanby  Station 
you  must  first  lind  your  way  to  Biwoii  Hill.  N.K.  This  is  easy 
enough.  Then  a  mile  away  over  ling  and  heather,  N.  hy  E.,  you 
must  direct  your  course  for  three  ■  howes,"  which  stand  on  a 
ridge  Iwtwetin  two  hollows  ori  either  side  excavated  by  incipient 
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"As  nothing  but  hoary  antiquity  will  suit,  imagine  a  body 
ot  ancient  Britons  with  flint-tipped  arrows  and  bronze  daggers 
issuing  from  their  wigwains  which  clothed  the  sidea  of  Roseberry 
Topping,  and  making  for  the  vast  forest  which  covers  the  hills 
to  the  east  and  conceals  amid  its  gloomy  recesses  the  burial 
mounds  of  their  more  gifted  chiefs.  It  is  a  hunting  expedition. 
Their  object  is  to  capture  the  wild  animals — deer  or  blue  hares 
—which  inhabit  the  forest,  and  bo  provide  food  for  their  little 
ones  and  pit-holds.  -  For  this  purpose  they  have  skilfully  con- 
structed a  series  of  pitfalls  extending  across  some  rising  ground 
from  one  slight  valley  to  another,  in  the  immediate  neighbour- 
hood of  three  recently-erected  howes,  and  moreover  concealed  the 
approach  by  earthen  banks  on  either  side,  so  that  when  the 
affrighted  animals  leap  the  bank  they  shall  fall  unconsciotialy 
into,  &c. 

"  If  this  fails  to  satisfy,  I  have  nothing  more  to  add." 

My  doubts  a.s  to  thi^  origin  of  these  pits  being  stUI  as 
strong  as  those  of  Mr.  Cole,  I  decided  to  make,  at  the  first 
opportunity,  a  clandestine  examination  of  them.  Therefore,  on 
July  19th,  1897,  I,  in  company  with  an  assistant,  revisited  these 
pitx.  This  time  I  was  supplied  with  a  pointed  steel  rod,  for 
the  purpose  of  prubing  them,  believing  we  .should  do  no  more 
harm  to  the  heather-clad  moor  than  would  be  done  to  a  rick 
of  hay  by  pricking  it  with  the  point  of  a  needle.  Though  this 
proceeding  was  much  less  satisfactory  than  would  have  been  the 
application  of  the  pick  and  the  shovel,  we  obtained  results 
which,  to  a  great  extent,  may  be  relied  upon. 

We  probed  and  measui'ed  five  pits  situated  in  diflerent  places 
in  the  group  with  considerable  care,  and  their  close  uniformity  in 
size  is  shown  by  four  having  a.  depth  of  JJ  feet  and  the  tifth  of 
4  feet.  Tn  each  pit  the  probe  (steel  rod)  reached  the  hard,  undis- 
turbed rock  at  the  bottom.  To  make  allowance  for  the  crumbling 
in  of  the  edges  of  the  pits,  we  took  two  opposite  diameters  of 
each  pit,  and  in  eveiy  instance  by  measuring  from  the  edge 
of  the  pit  where  the  probe  reaches!  the  firm  rock  at  a  depth  of 
18  inches.     Fi-om  these  points  the  diameters   of   the    pits  ranged 


N^-.tr^r   L-  :;■>■ 
weli  ch.«*rt.   A,-  tiwr 

thp«:^  vEik-h  ran  . 
line  rti  pit-.  ».-  -h.nm 
the  ['it-"  in  ibr  t«..  liK> 


bMWi 


.  F-its  1 


iratijs  .-t  *r.kii  -till  r 
I  thiuL.  i»t^[  t»  thei 
■niiiMls  mt•^  *.*a  ih« 
a>  veil  as  lh«-:r  iliranirt 

been  nw<ie  t"  ■■htain  n 
roinenil   north   rxi-avat 

TherelV'rv,  if  wr 
suggesteti  t-ripii.  tor 
beliff    tlwt  tlifv  «t'r> 
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very  strongly  Muppcirted,*  and.  -aw  wp  must  believp    -friHii  whut  lie 

uonHidered  reliable  evidence.  However,  it  will  have  liecn  observed 
I    that  later  he  fimdy  opposed  lliis  view.      His  diief  objn-tiuii  sihsiim 

to  liave  been  that  these  pits  are  tiKwtly  in  »  Nwain|>y  condition. 
I  Why  did  he  not  oliwerve  thiH  during  his  eivrly  studies  iif  tliew 
!    pits  and  at  the  time  lie  so  uhly  pleaded  their  habitation  pui'pow-? 

Might    it    be     Ixt-ause    the    pits    were    then    less    charfted    with 


slushy  iM^al  tliiui  now  ;  This  is  very  proUble :  imd  it  is  ijuite 
jKMsible  that,  through  s<iriie  ililleient  surfaee  eoiiditions  existiu;; 
when  the  pits  weiv  .liin.  the  ]«iB.t  had  not  even  ciiinmenet-d  U} 
form,  there  Ix'in-;  then  iiothinj;  (jis  liinted  at  liy  Mr.  Cole)  to  pii-vent 
the  natural  drainii;{i'  of  the  shipin^'  snrt'aee,  whieh  e<>ns<'i{uentlv 
iiiiKhl    :  .■   Knn  arid   dry.      In   this  ca^^e   we  nnist  iissujiie  the  Kn.wtli 

-  Si'c  hi-  iiiiciiiymiHi-  IMIIHT  ill  llii-  t!,uth,mui'~  Ma.ia-.im    f..r   ISIll. 


nsh   fauna  of  toe   lower   coal  heasuhbs  of  t 

akd  littleborough  dibthictb, 

by  edgar   d.  wbllsfbn,   l.r.c.p. 

Plates  LXI.  and  LXII, 

{Hi-wl    XotHtmlH'r    Xllk,    1898.) 

IXTRODUCTIOS. 

My  reasons  for  conaideritig  the  "  Fish  Fauna "  of  these  two 
districts  together  is  that  it  may  be  taken  for  granted  that  the 
Yorkshire  and  Lancashire  coal  Kelds  were  joined  and  continuous 
until  they  became  separated  at  the  close  of  the  Carboniferous 
period  by  the  upheaval  which  caused  the  Pennine  anticline. 

The  Ha/ijt'x  Cool  ulrata  forms  a  compact  group  of  rocks, 
consisting  of  beds  of  shale,  xandstone,  r^,  bind,  aeat-earth, 
gannister,  ironstone,  and  fossiliferous  beds  of  marine  and  fresh 
water  origin,  the  whole  forming  that  portion  of  the  Ix>wer  Coal 
Measures  which  is  enclosed  between  the  Rough  Rock  at  the 
base  and  the  Northowrani  and  Elland  flagrock  at  the  crown. 

The  coiidiliiiiiK  oUfudini)  th-'  /ininatimi  of  the  different  beds 
were  of  a  very  varied  character,  the  area  being  sometimes  a  land 
surface  at  others   a    great    estuary,    inhabitond    by    mollusca   and 


fishes,    and    into    which    the    sea    uccasi 
marine  shells  and   fishes. 

I  have  found  the  majority  of  tin 
thin  layer  of  whale  lying  dirrclly  ni 
Immediately  above  this  point  there  is 
(Aviculo-pectens,  Ac),  from  3  inches  t< 
and  overlying  this  "  |M'cten  l>ed "  the 
number  of   no<iuliir   cmicretioTtH,  loeallv 


.nallv 


•upterf,    bringing 


liNh-l^ 

the  Hard  Bed  Coal. 
%  bed  of  Marine  Shells 

6  inches  in  thickness, 
shale  contains  a  large 
nown  as  "Baum  Pots," 


which  arc  compuKed  of  the  carltonates  of  iron  and  lime  and  are 
of  great  interest,  as  they  sometimes  contain  fish-remains  ae  well 
as  Goniatites,  Nautili,  ic. ;  the  fine  type  specimen  of  Varlacaiithun 
Pkillipsi  Agassiz  having  been  found  in  one,  and  another  contained 
a  fine  specimen  of  Acrolepia  llopkinei  McCoy. 


ilit<tri«t    to   whiefi^S 


1 


Th*    Cotl   iilrtiM    ill   ihr    lAtlirhnrauijh    ilit<tri«t     to 
]Mi|HTr    ivfcTH    \ti    thdt    jHirtiim    nf    llii^    I/twnr    Crial 
littoittKhire    wUkli    incluilwi    tb-    fallowing   omil 
vunli"    Miiitt,    U|ijit'r    Ki>i)l     Mine,    ( iftiinistr    »uU,      l^nwrr    F<* 
Miw.  »ml    Viiul    Min."   wl   thr   Imw, 

The  (aindit loll"  allfu'ling  lh(*ir  dt^iHMititm  Mwni    tii  baw  IM 
I'try  xiiuilir  t«  tlHwe  io  tJiff  HuliEnx  ilistrict,  therv  bHng  * 
of  frtHili   wnltT  aiitl  iniirinr  i.'iinilitiotia, 

*Currvlation  of  ikr  l.'inil-iinim>  of  the  tUHi  fiiiiirictt. 
Ifafifitx    liiMrirL  Litthliorungh    HUtrU 

3fl   yiin!«   Ci*l  +  =  10   yards    Mlne-t 

Hiirtl    U«I    Owl  t  =  Upfwr    Foot     Miiw.1 

Mi-tdiH   Hnml   CtnU  ,       .  „     , 

Siift    Itisl    Con]  t      ' 

Thill   Cixil  -  Liiwur   Ftiot    Mine.* 

1  havf  not  aw  yet  fuDnil  any  tiMh-remninK  in  the  olhr-r  imi-. 
hut  feel  uoiiftdeut  that,  with  ft  more  extMidwl  researcli.  they  «i5l 
yii'ld  II  fiiirly   rich  faiiiin, 

SMi-  iiJ  {'n-f-rvatiuii   <•/  Ihf   Foninlr. 
U'itli    I'i'w    i;x<^<'[(tian!i    lh('   six-uiitii^na,   although    fi-agmmUrv 
jirc    ill    a   i-.HKi    state  (if   preservation,  and  do  not   seem   t«i  h»« 
■^(idi'i'il  (iiiii-h  fi-imi  "rulliiig  fH-  abrasitm." 

Taulk  i.v  nil;   IIamkax  C'ual  Mthata.  ; 

1,  KI(iHi<x-k  70  ft.  toloOa 

:;.  Shuleis  «nd  KugHtone  lOu  ft.  to  IdOft 

.1.  HO  yarfU  Banil  Coal  and  Seat-earth  ...      2  ft.  to  3  ft 

4.  GO       „         ..       Htone,  ■' Qiiairel  ■'  llwk,  .tf.  ...  100ft 

h.  4H        .,  ,.        Cm]  ...      Sin 

t).  -Ifi       „         ,,       Stone  lift.  toI2ft 

7.  Shales ...     i>«ft 

'  1'hi.s  "  i^urrtlutioii  "  is  given  uii  the  iiiithoritj  i>f  Mr.  John  Butt«rwortli 
K.R,M.S.,  of   Shaw,  iitnr  Oliiliani. 

t  Finh.rt'niainK  nre   fountl   in   these   beile, 

t  Taken  from  the  paper  on  "The  Hftlifas  Ciial  Strata"  by  the  l»l 
Mr.  Jnnics   S[K;ii('cr,  of    Halifax. 
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'.    L»WKII   COAL   XKAHUItliS.      i'i] 


.'(6  varda  Band  Crwil 

Shales,  Bind,  and  36  yards  Kiick  ... 
Slmles  with    "Bauin  P.rts,"    Maiiiic  Shdli 

Goniatitcs.   Ac 

Peetcii  Bed 

Itartl  Bed  Coal,  with  Coal  lialls    ... 

<>aiiniHt«r  Hock  and  Seat-farlli 

Shales 

Middle  Band  C.«il 

„       Seiit-uartli         

.,       Stone 

Soft  Bed  Coal  

Seat-earth 

Ij<»w  Bed  Stone  (FlaRa)         

Shales 

Thin  Coul        

Seat-iiartli 
Roiifrh  R.M^k. 


2  fr.  to  3  fl 

:t  ft.  til  5  fl 


I :;  ft.  K.  -iO  fl 

41)  ft.  t.1  TiO  fl 


Tahle  ' 


;  Li' 


Sandstone.  Shales.  Ac. 
40  yanls  .Mine 
Kand.stone  and  Shales 
Itullion  Coal  or  UpiH- 
lilac-k   Shales  .,, 
Ganiiistei-  CiMil 

Shales 

I.^wei'  Koot  .\Iinf 

Shales 

Yanl   Mine     ... 
Flii^jstones,  Ac. 


. , ,  S3y  ft. 
1  ft.  4  in. 
.    i  !I0  ft. 

...       1  ft. 

...   ;!6ft. 

;.'  It.  6  in. 

...    TO  ft. 


2  ft.  3  in. 

...  :;ir>ft. 


r 


i-2-2 
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NOTIW    OK    THK     Kl  an -REMAINS   FOUSD. 

With  tlif  exception  uf  a  few  specimens  kindly  lent  me  liy 
Ml*.  Magsoii,  of  Hollin^wurth.  near  Lit  tie  borough,  tu  wliom  I  uni 
aifMi  indebted  for  the  above  tiible  of  strata,  thi-  following  notes 
m-e  ItBiied  on  specimens  in  niy  own  collection,  niitny  of  which 
havp  been  seen  by  111'.  U.  H.  Tr&quair,  P.H.8.,  Ac,  who,  besidun 
kindly  naming  many.  aW)  uoufirmed  the  identity  of  others  which 
I  hnil  already  named. 

SUB-OLASH  :    ELABUOBRANCIln. 

Order  A.:   IniTHYoroMl.  ^M 

Family:   Pleuracanlliidte.  ^^H 

Genus   I.:   Pleuracanthus.  ^^ 

Bp,   /'.   (Orthneanlhug)  cylindficiin  AgaesiE, 

One  Hpine  from  Littleborough  (Lower  Foot  Mine)  T  refer  to 
thw  species. 

Tlie  spine  is  small,  round,  smooth,  nearly  straiiibt,  ami 
75  mn),  in  length,  the  diameter  at  the  baae  being  5  mm.  and 
at  the  apex  2  mm.  The  anterior  surface  is  shown,  the  posterior 
denticulated  surface  being  embedded  in  the  matrix.  The  extreme 
tip  is  absent,  but  is  shown  in  impi'esaion.  Tlie  surface  is 
destitute  of  ganoine  but  smooth,  except  at  the  distal  end,  where 
it  is  faintly  striated,  probably  from  slight  wearing  or  erosion. 
The  inserted  portion  is  well  shown. 

Genus  11. :  Diplodux. 
Sp.  J).  Gibbosue  Agassiz. 

Teeth  from  both  districts.     See  PI.   LXI,,  fig.  3. 

Order  B.:  Selachii. 

Sub-order  i. :  Tectospondyli. 

Family :  Petalodontidte. 

Genus  I. :  CalfopristvdHg  Traquair,   I8H8. 
Sp.  C.  jierliiiatuii  Agasaiz  sp. 

One  tooth  from  the  Lower  Foot  Mine,  Littleborough,  I  refer 
with  some  hesitation  to  this  species  as,  although  the  crown  is 
well  shown,  the  characteristic  root  is  absent. 
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Charactrrs. — The  margin  of  the  dental  crown  ia  low,  Hmooth, 
with  the  cutting  edge  comb-like,  there  being  twelve  blunt-pointed 
denticles  which  are  covered  with  ganoine. 

Note. — The  crown  is  almost  identical  with  that  of  undoubted 
specirw^ns  in  my  cabinet  fi-om  the  Borough  Lee  Ironstone,  near 
Edinburgh. 

Genus   II.  ;   Jniiniun  Munater,   183:!. 
Sp.   ./.   [1..,.i>,<,-/...;hIa  AttheyJ). 

One  t(«.th  from  i\\c  Halifax  Hard  Bed  Coal.    PI.  LXI.,  fig.  6. 
Sub-order  IT.  :    Anterospondyli. 
Family  A. :  C.)cliliodontidfp. 
Genus  I. :  HeJod-^. 
Sp.   H.  Hp.r 

Teeth  fr.>ni  the  Hidifax  Hard  ited  Coal.  PI.  LXI.,  ligH.  9 
ami    10, 

(;enus  II. :  /'Unnt/ihr  A.  Smith  Woodward. 
Sp.   /*.    kaiikiiwA  Agassiz. 

Teetl)  from  the   Littleboi-uugh  district. 

CiiAHACTEHH. — CaHnH    of    the    dental    crown    prominent    and 
pitted  (the  result  probably  of  abro-sion,  the  crown  being  smooth 
when  not   abraded).      Unsy  in  metrical,  lateral  "wings"  moderately 
prominent.     PI.  LXI.,  fig.  7. 
Sp.   /'.   Al-fJiei/i   W.  .1.    liurkas  ap. 

Tooth  from  Halifax  Hard  Bed  Coal. 

CHAKACTKit.s. — Dental  plate  oval.  Crown  low  and  divided 
by  deep  transverHe  sulci. 

Family :    Cestraciontidie. 
(Jenus:    SphenncarUh'ut   ARussi/. 
Sp.   Sj>h^nacaidhuii   sp.   new  ? 

The  spine  I  refer  to  this  genus  is  from  the  Ij>wer  Foot 
Mine,  Littleltorough  district.  The  characters  are  M>mewhat 
peculiar,  and  flu  not  stwni  Ui  correspond  with  the  specific 
diagnosis  of  any  spine  of  this  genus  that  I  can  tind.  It  is  most 
like  C/'i'-i'--tiilh)ii'  t/ent.'nilijtiii'  McCoy,  but  the  general  shape  of 
the  spines  and  the  direction  of  th<!  ridge  ornamentation  are 
liifferent.     also     the     ridgi's     in     the     spine     under     discussion    are 
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much  ItwK  iiuiiuirouK,  uuu  -  denticalated.  &nd  smoiitli.  Vrata 
Ctr^'antntkun  rrqmtlrinlns  Diivis,  it  seems  more  widely  sepiiraW. 
tlw  «hftpo  being  difTenmt  nnrl  also  the  direction  of  the  ridg«fc. 
whith  in  C  trquulirialiui  Davis,  beaidea  being  inoiv  iiaDierunt. 
mil  longitudinaltv  parallel  with  the  anterior  iniu^in,  with  tJir 
nwult  thttt  they  die  mil  nlimi/  the.  lat'^rii-fMmtr.rior  marifiii*  without 
inosculation,  whieJi  la  tmt  the  enae  in  the  present  spttimcn, 
From  tiip  other  spinet  of  th\»  genu8  it  ^eauw  to  lie  atill  more 
widely  Heparub^. 

CllABACTBRS.— Total  length  !)0  mm.,  but  the  xpitie  beiu): 
brfikeii  iteroMs  jutit  below  the  commencement  of  the  insertpil 
portion,  the  orif^iml  length  wits  probably  about  110  mm.  Lenctli 
of  posterior  Iwrder  tji  enmniencement  of  inserted  portion  75  mni., 
of  aut^^rior  border  to  name  point  90  mm.  Piamelcr  at  com- 
ment'eiiienl  of  inwei'ted  [wirtion  15  mnu,  from  this  point  the  spim- 
L  groHtuilfi/  narrows  to  a  miMierately  fine  point.  lateral  surfacei 
meet  in  front  at  an  acute  angle ;  the  ornamentation  consists  of 
sniiioth  straight  I'iilges  which,  at  a  |H)iiit  half  way  tietween  the 
tip  and  commencement  of  the  inserted  portion,  nuinl>er  seven, 
but  Ix^tweeii  this  point  and  the  Itase  the,  numl)ei'  is  iiicrea.-4il 
by  intercalcatiim  to  nine.  The  ridf;e«  are  divided  from  oni* 
another  by  spaces  about  equal  to  their  diametei-.  Their  direction 
is  also  very  characteristic  ;  the  most  anterior  one  fornis  a  keel 
on  the  anterior  boi'der,  the  next  four  run  to  the  tij>  jiarallel 
with  that  border.  The  most  posterior  ridiri'  runs  [tarallel  with 
the  po.st<!rinr  border,  while  another  I'uns  between  these  two  sets' 
towards  the  point  where  they  nieet  in  front,  and,  lastly,  on 
each  sidf  of  this  ridge  are  two  shorter  ones.  The  iMisterior 
surface  is  conca\e  from  side  to  aide,  and  where  it  uu-et-n  the 
lateral  surface  is  armed  by  a  row  of  well  marked  beuik-shaped 
denticles,  which  are  separated  from  one  another  by  a  distance 
al)out  equal  tn  their  diameter  at  the  ba.se.  Anterior  to  these 
denticles  on  the  lateral  surface  and  posterior  to  the  most 
posterior    ridge    is    a    second    row    of    nine    small,    more-rounded 

•Sea  yuan.  Joum.   Gisol.   Sm:.,   vol.   xsxv.   pi.    n. 
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denticles,  which  are  placed  alternate  to  those  on  the  posterior 
bordem.  The  posterior  border  of  the  spine  in  nearly  straight, 
bnt  the  anterior  one  is  gently  cuned  from  base  to  tip.  The 
dividing  line  between  the  inserted  and  excert«i]  portions  is  well 
marked,  the  line  cutting  the  anterior  and  posterior  margins  at 
an  anj!le  of  45\     See  PI.  IJCI.,  fig.   1,  «,  k 

(ietius  :    //"/i/imrkiiH   Davis. 
Sp.  //.  elegant  Davis. 

Small  spine  from  the  Halifax   Hard  Bed  Coal  Shale.     It  is 
curved    and    shows    the    usual    ornamentation    of    smooth,    well- 
spaced  longitudinal    ganoine-coated  ridges.      Denticles  not  shown. 
Order;  Acanthodii. 
Family :   Acanthodii  lie. 
Genus :  Acan/Aoden  Agassiz. 
Sp.  A.    il'iirdi  Kgerton. 

Fin  spine,  scythe-shaped,  much  laterally  compressed,  with 
a  groove  and  faint  ridge  panillel  with  the  anterior  margin  dis- 
appearing disliilly.  Distals  flattened.  Found  in  both  districts. 
PI.  LXT..  fig.  -J. 

Incertir  nfdiH. 
Slemtiialodu*  St,   Juhn  and   Worthen,    1875. 

Sp.  indet.  They  arc  clusters  of  denticles,  and  are  probably 
dermal  appendages  of  some  extinct  Shark.  According  to  Prof. 
Anton   Fritsch  they  are  "gill   rakers"  of  .some  shark. 

SUD-CLABS  :    TeLEOSTOMI. 

Order :    Crossopterygii. 

SuI>order :    Rhipidistia. 

Family  A. :    Rhizodontida-. 

Genus   I.  :  Slrr/wiidtis. 
Sp.  S.  »waroidr,s  Binney. 

Teeth  showing  tin'  usual  character,  viz.,  laterally  compressed 
and  plicate  at  the  Inim'.  but  above  this  point  the  transverse 
section  is  nearly  circular,  relatively  long  and  slender,  apex 
aigmoidally  lient,  inner  surface  covered  witli  well-spaced  prominent 
fine  atriiB,  external  surface  smooth.     PI.  LXI.,  fig.  5. 


-I 
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Okuuk:  UhiMdojmH  (Uuxloy)  Youdr,  1866. 
8p.  R.  tawroiiUt  WilliainHon  a\t. 

P»rt  of  a  ImmIv  in  a  nodule  in  the  shale  above  tho  I^uhi-t 
Foot  Mine,  I.iltlftxirougli  district ;  a.  luaHH  of  eroded  males 
shown.  Other  specinit^ns  of  ncalm,  vertebtw  (?),  t«eth,  Ac,  found. 
The  siHiIes  sre  thin,  elon|i:nt«<I  oval,  obtunely  pointed  bfliind,  the 
exposed  iLrea  beiii^  rhtiniboidal  and  marked,  when  abmded.  bj 
conwmtric  ridges  cnw-si^l  by  fine  radiating  Btriif.  In  some  apen- 
mon§  in  tny  collectiim  friuii  the  Yurkilure  Coal  Measurett  thif 
arau  IB  covered  by  n.  thin  glittering  hiycrr  of  guiioine.  PI.  LXI^h 
6g.  11.  ■ 

Family ;  (Jsteolepidus,  ^ 

Genua :    Megaiiehthtf*  Agaoaix. 
Sp,    I.  M.  /libljorti  Agaasis. 

This   species    in   represented    by    Bi^alea,    U-eth,    vertebnu,  4c., 
anil   ia  found   in   lioth   distriets, 
8p.   2.   M.  pygrtueun  Trai^uair. 

Some  scales  from  the  Lower  Foot  Mine  t  refer  to  this 
species.  They  are  small,  and  the  layer  of  ganoine  is  thick  and 
t>e»y  coarsely  punctate. 

SuI>order ;   Actinintia. 

Family :   Ccelacanthidae. 

Genus ;  Ctxlaeantkus. 
Sp.    i .  C.  elegans  Newberry. 

OperculK,  jugular  plates,  scales  from  both  districts,  Mhuwin^ 
the  characteristic  ornamentation.     PI.  LXI.,  fig.  12. 
Sp.   !i.   C.   Phiiiipii  Agassiz. 

Caudal  region  of  a  tar;;e  Hsh  in  a  "  Baum  Pot "  from  the 
Halifax  Hard  Be<l  Coal.  The  Primary  and  Secondary  caudal 
fins  and  also  the  anal  (!)  are  shown. 

Order :  Actinoptertgii. 

Sub-order :   Chondrostei. 

Family :  Palcponiscidte. 

Oenus:    EUtnichthyt  Giebel.   1848. 
Sp.   I.    E.  Aith<iti  Traquair. 


—    ^ 


Pros.  Yeni*h.  GmI.  k  Potyt.  Soe,  Vol.  Xltl,  PI.  L 
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Detached  scales  oniamented  with  "  strongly  marked  diagonal 
ridgeH  which  run   nearly  straight  and  parallel  across  the  sc&Ie." 
Fuunrl  in  both  districts,  but  rare.     PI.  T.Xri.,  fig.  a. 
Bp.  2.  E.  temistriatu*  Trotjuair. 

Detached  scales  with  the  following  ornamentation : — Anterior 
surface  of  scale  is  covered  with  well-marked  "  furrows  and  ridges 
which  run  backwards  and  downwards,  sume  bifurcating  or  joining 
others  and  sometimes  multiplied  by  intercalations.  The  posterior 
portion  is  occupied  by  nunierous  coarse  punctures."  PI,  LXII., 
fig.   4. 

A  fine  Maxilla  from  the  Eiower  Foot  Atine  J  refer  to  this 
species.  It  is  iirnamente<)  with  "  fine  wavy,  branching  and 
anastoraosing  longitudinal  ridges,  the  dentary  margin  being  finely 
tuberculatod."  No  teeth  shown.  This  species  is  found  in  both 
districts,  but  is  very  rare. 
Sp.  ;i.  i'.  Egertoni  (I)  Agassiz. 

Some  detached  scales  show  the  on  lamentation  of  this  species, 
viz.: — "  Well-defined  ridgejt  and  furrows,  the  ridges  being  oblique, 
irregular,  branching,  intercalating,  and  ending  at  the  posterior 
margin  in  acute  serrations."  On  some  scales  one  or  two  of  the 
ridges  run  close  to  an<l  parallel  with  the  anterior  and  inferior 
margins.  Very  rare. 
Sp.  4.    S.   Biniie.i/i  Troquair. 

A  small  fi.sh  found  in  a  niHlule  from  the  40  yards'  mine, 
Little  borough.  The  whole  iKidy  ti>  the  commencement  of  the 
caudal  fin,  about  two-thirds  of  the  head  much  crashed,  and  also 
parts  of  Pectoral,  Ventral,  Anal,  and  l>iirsal  fins  are  shown. 
Th>'  length  of  the  specimen  is  H  cm.,  and  the  greatest  depth  of 
the  body,  at  a  ptnnt  a  short  distance  behind  the  head,  is  30  mm, 

/lead  in  much  crushed,  and  I  am  unable  to  identify  any  of 
the  bones  with  the  exception  of  one  or  two  of  the  "  branchio- 
stegal  rays.' 

Skoulder  ffirdle,  Suproclavicle,  Clavicle  and  infraclavicle 
shown,  the  last  two  being  crushed  baek  and  disarticulated  from 
the  former.  The  bones  seem  to  be  ornamented  with  well  "spaced 
ridges  which  are  more  or  lesi*  concentric  with  the  margins." 


t2»      WKt-UtlRK      riSII    IfACSA    'IP  Tllfc    UOWKk   COAt.    HKAMt'llKfL 

Aorfy.  S<»lc8.  TImm)  (in  tlic  lUitvrior  part  uF  thn  body 
lughtir  tluin  liroui),  bat  behind  the  dona]  fin  th«>v  i 
nquiUti>r^.  Thu  anterior  cx>w«-H  ares  wkuici  v«-j- 
UiP  articular  spine  awl  fottw,  on  the  onAa-  sarfi«»%  arc  ' 
mark  cut. 

Onmiwnia/iun.  — On  a  jliini  natl'.  it  niUiiiHtti  o(  "ijdi* 
wrinklw,"  a  fBw  of  «hich  nin  parallel  with  tW  aoWriur  bun 
wliile  bohiml  thin  point  lli»y  run  across  the  scale  in  an  ante* 
puHt«rior  dirwHion,  with  a  tendency  to  eonvi-^o  inUi  grm 
PtKteriiir  border  is  dcnticTulati^l.  On  the  flank  «c»leB  behiiul 
donml  till  the  "wrinkW  run  irnigulurly  in  a  huri«uital  dinwi 
til  till-  pHutcriiw  dentioulftl«<l  margin. 

On   the   iwnfrvi/   nciUet    Uie  omamentAtton    w    peeolur. 
centre   of   the    scale   is   oci^upied    >>y    lliree    or    four    '*irriukl 
whivh  iHinvurge  behind  hot  sprt'nd  out  faulike   ui    fnnat.     Tl 
Doahw  am  alnj  much  luwer  tlian   thow  on   the  fliuik. 

tnUtral  lin*  i*  fairly  well  nbown  running  from  the  out 
of  the  piiitorior  border  of  thu  suprttcUviculiir,  lukckwnrds  t4iiin 
tht'  Uil. 

/Vim.  IWUtriil. — Tlu'  proximal  two-thirds  shown,  bul  (.-hanu 
I  if  rny»  too  imperfect  for  dui(.Tiptiun. 

Vfnlritl. — Only  root  shown. 

Anal. — -Proximal  part  shown,  the  rays  being  delicate,  dlstai 
iirliciiliitit!.  and  orniuneuted  with  one  or  two  longitudinal  suU 

Ihtriml. — Imperfect,  but  character  of  the  rays  is  well  sho 
Ihi'  articalation»i  being  somewhat  distant.  The  tin  is  pla 
opixisiti'  the  interval  between  the  anal  and  ventral  Hns.  PI.  LX 
flKs,  1   and  2. 

I'Ilih  Hpecimen  iK  very  mnilar  to  a  cast  (of  the  type  speuii 
in  tli«  Woodwardian  Museum)  which  trax  kindly  shown  to 
by   l>r.    It.  H.  Tracpittir,   F.K.S..  it.-. 

tienn»  Tf.:   Il/uiiiinifhth^-  Tia(|uair,   l«7T. 
Sp.    It.  moiP'fui"  Ejferton.     Up.    IKf.O. 

"  Kraginent    of  a    Binall    ftsh    from    the    Lower    Foot    M 

■  I  pfopom  to  dial  more  fuUy  with  IhU  ipepim«n  in  >  wparate  pap* 
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Uttleborough.     The  head  and  body  tu  a  point  a  short  diatance 
behind  the  ventral   tin   being  shown. 

Head. — Maxilla,  mandible,  and  other  bones  ahown. 

/"wM. — Pectoral  a:nl  ventral  shown. 

Scales  OQ  the  bodj-  well  marked  and  show  the  following 
ornamentation  : — "(n)  A  few  delicate  stritc  parallel  to  the  anterior 
and  inferior  margin.s,  and  {/>)  four  or  five  ridges  commencing  at 
the  posterior  dentiuulation  and  running  forwards  on  the  scale 
for  Konie  distance  inut'e  or  less  parallel  with  the  superior  and 
inferior  borders." 

IJeside-s  above  I  ha^e  found  many  detached  scales  in  both 
districts.     PL  LXII.,  tig.  3. 

Genus  III.;   AeroUpw  Agossiz. 
Sj..  A.  Hup&ki^  McCoy. 

A  large  and  fine  specimen  of  this  fish  was  found  by  the 
la:-'  Mr.  .Tames  Kpencer,  of  Halifax,  in  a.  "Baum  Pot"  in  the 
sbile  above  the  Halifax  Hard  Bed  Coal,  at  Elland,  near  Halifax. 
The  head,  parts  of  the  body,  and  some  traces  of  the  tins  are 
shown.  The  specimen  is  now  in  the  "  Davis  Collection "  at  tlte 
British   Museum. 

There  is  part  ni  the  botly  of  a  tish — showing  the  scale 
ornamentation  very  well  marked— in  the  "  Lister  Collection," 
belonging  to  the  Borough  of  Brighouse,  also  from  the  same  shale. 

Besides  the  above,  I  have  a    "  tail  pedicle "  from  the  Liower 
Fiwt  Mine,  Littleborough,  and  detached  scales  from  the  Halifax 
district    showing     the    characteristic    scale    ornamentation,    viz., 
" prominent   oblique    lid^es,   with   occasional    branching   and    inter- 
calation   on    the    flank    scales " ;    on    the  caudal  scales  the  riilges 
sometiiiiCH  fuse  tu  form   a  reticulation  at  the  anterior-inferior  and 
|H>sterior-8uperior  angles.     PI.  LXII.,  tig.  C. 
Family  II.:    Platysomiilw. 
Genus  :    F/iUygf/iiiut  AgasaiK. 
Sp.   /*.  parvuiuK  Agassiz. 

Detached  head-bones  (maxilla,  itc.)  ami  scales.  The  scale 
ornamentation  l>eing  "very  line,  jHirollel  vertical  striie."  PI.  LXII., 
fig.  7. 
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Bcfocv    condndiac    tim    paper,    I    naust    aoknowl«(Ij^ 
wannest  diMika.  the  icreat  obliipitfim  I   mn  undnr    Ut    I  >r.    K 
Tnqnair.    K.H.8..  4tr.,  nnd   Mr.  A.  Wmilh   Woodwnirl,    F.G.S.. 
for  great  kiid   kindlr  Mp   in   the  put  :   itlso    to   Mr.    Magsoi 
Bollinjtwnrth,  new  UtlJrlairuuxh.  f«r  Iihiu 
hi  Mr.  Juhn   BntterworUi,   F.K.M.S..   for  tlic   "wmnUtii 
ooal  Maau"  nf  ttw  two  dMiricts. 
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Tabular  Sumhary   op  thb   Fi8h-remai)I8,   .Showing  thbir 

STBATinKAPHK'Al.    DlSTKlMUTION. 


iiilMiijiiilll 


.  P/tturaniiitkiiH  rj/HttdritiiK  A); 

,   DifiodnH  s'lbboifHi'  Ag,    ... 

.   Calloiiri'toduH  /terliiinhw  A;/.  s|t. 

.  JoTuuitn  (liitifHi^rhrmi-f)  Atthey  | 
.  ffeloduM  Hp.  ?        ...  ...  ...  I 

.   Pli-uropli^  r,t,<ki,iei  ' 

HHndciwkit  Atthey. . 
.   Pl^iroplax  atlkf.ni  W.  J.   ISarkasI 

.    //ofJoifinx  r/r;,.n,s  Davin 

.  St-mi.iat'M/w  S.  .J,.t  Win'thei 

.  Aranfh.Hi-'x  K-inf!  1']}.'-  ,-, 
.  Sti-'-imi^h'x  sni-f'.iflrs  Kill, 
.   Rkiz,«lotmi''        „  Wti. 

.    M'-ipitiehlhyx  hil.b.'rfi  Ay. 
I-  fii/il  "•"■'"•  ''"i- 

.   CtKlftcan/hus  ,rlr;,a,is  N.-»l.. 
plnlli.i,«l  An. 


\X.    lil.<nu.:l,'h!isoil.ke.. 


.,  xKiiiistrialUK  Tr. 

„  -ijertimi  Ag. 

.   Jihmiinii-liHiya  niinieiinix  Kg. 
.   ArtoUpin  kojiAiiiei  ilfCi'V 
,   J'/iifi/mimiiH  jMrnii/im  Ag. 


<-■•) 


NoTE.--t'iRli-ruiiiaiiiB  uic  fxeomlingly  rare  ill  botli  ilisiriit»,  itiii]  «.  Brwtt 
main]'  oE  my  journeya  to  Clic  district  have  not  yieldi'd  a,  ningle  npeiiinii'ii. 
An  far  as  1  know,  this  is  the  first  time  the  "  Fiiih  Faiiiiu"  of  ihu 
Little  borough   (listrict   liaa   been   placed   on   record. 

Thoflii  marked  thus  (*)  are  new  Ui  the   Halifax!   UcraHurea. 
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Fig- 
Fig. 


[ai^trip.  kL — InfriciaviciilAr.  Scl.—  Supn- 
Ul.— LkCenlline.  D.F.— Dorsal-  P.F.— 
P^-c«nL  T.F  -T«ir^  A-F.— Anal  fins.  A.S.— 
*^ii"  S>;aJ!».     T-P. — Tail  p«Uck"- 

t  «»-*ai»'    ^nm-^-^    Traqoair.      Sc»tes    of.       a — Under 

f^io^»^    A— AnitTkic  dank.    ■• — Posterior  Hank,    d— 

Ca»i»J :  and  — Ventral  scales  enlargvd. 
Ki.riimii*lJt^    ■fc^^-pwi*    Ejfftli.n    sp.       Scales    of,    from: 

•t— N«t       '      .\nteri<>r    lUok.      '■—Posterior    flank. 

■i     I^cnal    iiiH-.     '—Ventral:   and  /-- Ridge  Hcal«s 

i-niarrtd- 
£!.<i.i-i.tJt<f.'  --./tijrfrin/.i.'  Traquair.      Posterior  tlank   scales 

enlar^etl.     ''     Fnini  a  more  ventral  position   than  A. 
i,V.«.i<-AMy,'   -liti^i   Traquair.       't— Flank.        /,__Ventr»l 

scales  enlat^wJ. 
Acroftjii-  b'-}>k-inn  Mc<:'oy.     »— Flank.     A— Ventral  scale*. 

flatt/mrmu^    panmlnn     Agassi z.       n^ Flank     Kcale.        h — 
Maxilla,  both  enlarged. 


NOTES  ON   THK   CAVBS   OK    YUKKBHIBG.       PART    II.       BY    S.    W.    CUTTHISS. 

(A«arf  Nm-eaiher  17(A,  189Jii.) 
PtATBS   LXIII.-LXV. 

In  my  previuus  wmirouiiiutttion  on  this  subject,  which  appeal's 
in  the  Pi-oceediiigtt  of  your  Society  fur  lust  year,  it  was  found 
cunvenieiil  to  dividi'  tUo  area  luider  coiisidemtion  into  three 
Sections :  1st.  the  Yoredales,  including  the  rocks  of  that 
formation  ;  2nd,  the  Southern  Carboniferous  or  Craven  Section, 
including  the  Carlx>niferouH  Limestone  lyinK  between  the  Upper 
and  Middle  Craven  Faults :  3rd,  the  Main  Carboniferoua  Section, 
comprising  the  remainder  of  the  Carboniferous  Limestone  outcrop 
included  within  the  imaginary  boundary  therein  defined.  (Proc. 
Y  P  So 


725  feet  at  Oods  Bndgt    and  Thornton   iorce,  noi 
dale  does  it  anvwhere  rise  more  than  150  feet  abovt 


in  Chapel  le 
this,  hut  in 


par  pun  •«'   th«    >-«]|«y    »nit   on    ri 
<  (Mw  l.,aOl>   feet. 

»■(-»-,  bw-.  ;-Uma^  .ir  temecs  (locally  I'slled  Helks),  particuUrlv 
amoaj  In^'^cioc>~-ash  and  lb«  sooth  side  of  Wheriiside.  The«« 
UTrac«!<  »rv  fanii-ikallT  siF«thM«d  aloDg  the  numerous  lines  of 
iWiir«.  vhk-h  f>:>tTu  a  miuplete  oetwork  all  over  the  surfsuv. 
In  -xher  pans  ihe  rork  has  hem  covered  with  a  consideratJe 
liii-koesi  f'i  rh-ih.  in  which  are  tnnniDerable  conioal  depressiuns 
kuovn  as  Sink*  i»r  Swallow  Holes,  the  loose  insterm]  liaving 
Iwvn  i-arrieii  a»ay  liv  the  water  as  it  tanks  into  the  fissures  of 
the  rock.  <>ne  of  the  larj^t  of  these  is  Braithwaite  Wife  H«le 
on  the  Cluipel-le-dale  -^ide  of  Inglehorough.  It  is  I  TO  vanl:^ 
round  on  the  -.iirfac*",  and  shows  a  section  of  Olaciai  Drift  (clay 
and  gravel)  u>  a  ilepth  of  about  20  feet  and  about  40  feet  of 
hiufotone  t>elow  (Ueok^^'ical  Memoir,  ji.  35).  A  very  symetrical 
sink.  IH  yank  round,  is  situated  near  Gable  Pot  on  Lieck  FelU 
in  the  Iwttom  of  which  grows  a  single  ash  tree  about  50  feet 
hijili,  the  top  of  the  tree  juat  appearing  above  the  surface. 

The  contrast   between  tlie  caves  of  Sections   II.   and    III.  is 
very   marked.      In    the   former   there   is   not  a   known    accessible 
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cave  whicl)  has  a  Btream  of  water  tipwing  through  it,  and  they 
are  alt  more  or  less  choked  up  with  drift  and  other  deposit. 
In  the  latter  section  the  reverne  is  the  case,  the  writer  not  bein^' 
aware  of  :i  Kingle  example  which  is  not  at  present  an  active 
draina^  channel.*  Some  liave  dry  passagcu,  resulting  from  the 
water  HndJng  n  lower  level,  but  all  in  some  part  of  their 
ramitications  have  wah^r  Howing  through  them.  Another  distinc- 
tion \»  the  abundance  of  pot-holes  in  the  one  and  entire  absence 
of  similar  phenomena  in  the  other  (No.  II.).  The  usual  accepta- 
tion of  the  word  Cave  implies  a  more  or  less  horizontal  passage 
or  luiHsages  in  which  may  be  lai^r  openings  designated  caverns. 
Tlie  term  Fot-hole  is  applied  to  vertical  shafts  or  chasms  in  the 
limestone,  which  are  enlarged  tisaures  in  the  rock  due  to  the 
action  of  falling  water.  No  hard  and  fast  line  can  be  drawn 
hetwei^n  tht^  two  classas  of  phenomena,  as  frequently  both  kinds 
are  associated  in  one  drainage  system.  Pot-holes  frequently 
hiive  cavt'rns  at  the  bottom,  while  the  caves  occasionally  include 
jK)t-holes  ill  some  part  of  their  course. 

Till'  caves  may  be  cliusiHed  under  tiie  two  heads  of  Caves 
of  Kngulphmcnt  and  Caves  of  Debouchure.  In  the  Leek  Tell 
and  Kingsdale  districts  they  are  entirely  of  the  Hrst-named 
variety,  if  we  except  the  Witches  Cave  in  Ea«egill,  while  in 
Clin-pel-lc-dale  and  Ribblesdale  the  principal  ones  are  Caves  of 
Pi''l>ouchure.  Caves  of  Kngulplimetit — those  which  receive  water 
-im'  usually  low  niirl  encumbered  with  loose  stones,  entrance 
being  nnly  piKsible  iti  many  cases  by  creeping.  The  passage 
ftenenillv  increases  in  Iieight  to  20  feet  or  more,  but  rarely 
exceeds  ><  feet  in  width,  being  more  often  under  ;i  feet.  When  it 
does  e.'tpiind  sutticiently  to  l>e  dignified  by  the  title  of  a  chamber 
or  cavern,  eitlier  a  pri'scnt  or  past  waterfall  is  always  associated 
with  il.  The  upper  part  of  the  walls  is  generally  covered  with 
a  soft  ciilcareous  deptisit,  (unl  occasionally  small  stalactitic  ribs, 
but  iL-;  il  rule  these  cavew  contiiin  few  stalactites  uf  nny  size,  and 

*  If  uiiy  [|ry  caveR  exist  they  will  probably  ba  found  in  thu  neijjlibonr- 
hooil  (if  CniiritiiBck  Uuk'  iiml  llir  Mougliton  FclU.  nliich  is  the  miKl 
likely   ijuarti-r  to  niairL-h    for  ciivm  tcmlaiiiing    bone    ilepusit«. 
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t(M)   l«»\v   i.i»   jMMinil    ot"  t'urihrr  |ii'i»Ln<'>s.      An  rxcrjition    is   f. nji 
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Hij;li  Birkwith  Cavi^,  which  terminates  in  a  c1««p  jhkiI,  the  roof 
appurentlv  dipping  under  tlie  Hurface  at  the  far  end.  In  the 
notCH  miule  »t  the  time  iif  visit  T  iU>  ncib  finil  imv  siijigestion  an 
to  the  ciuise  <>{  this  jihoI  l>einj.'  ftinneil.  Tliere  may  he  a 
stalagniitii.'  (luiii  hiihlini;  hack  the  water,  iind  if  the  jmmi}  was 
drained  it  mijrlit  in:  jmssihle  ti)  ]N.'Uetrale  fiirtlier.  Hrow  Gill 
Cave,  which  i-eceives  tJie  water  fi»m  Calf  Hole,  ii  quarter  of 
a  niihi  away,  can  be  ex|)U>i'ed  with  less  dimiinifort  tiian  most 
of  the  iitlierH.  Jt  affords  a  variety  of  experiences  and  mild 
excitements,  and  about  I'lO  yuiils  fn>in  the  entrance  a  waterfall 
30  feel  higli  is  reachetl.  Altlioui^li  the  fall  itself  cannot  be 
climbefl,  a  fairlv  easy  way  tiji  the  i-ocks  may  he  found,  and  bv 
crawlintf  ulon;;  iin  old  chuimel  the  top  <if  the  fall  can  l>e  reached 
and  the  pnssii;re  lieyonil  eK]>loi-e<l  foi'  some  distance,  until  progress 
is  barre<J  in  the  ii-sual  manner  by  the  lonerini;  of  the  roof.  It  is 
almost  invarinhly  the  case  thiit  "hri'e  a  waterfall  occurs  an  old 
channel  will  Ih'  foiinti  which  affords  a  means  of  jassini;  the  obstacle. 

In  channels  at  or  near'  the  top  of  a  bed  of  rcjck,  the  lime- 
stone is  cut  into  limf;  thin  vertical  ri!>n,  the  erlgi's  of  which  are 
freijuently  «s  sharp  us  knives.  Kxamples  of  this  description  of 
en«ion  may  l>e  seen  in  Brow  (Jill  Cave,  also  houk  Cave,  in 
Clinpet-le-dale,  but  it  wcurs  to  a  greater  or  less  extent  in  most 
eaves.  When  the  (tassttiU'es  are  cut  throvgh  a  series  of  tliin 
stratft,  such  as  exist  at  the  top  of  the  main  mass  of  limestone, 
these  staml  out  In  licri/oiital  slabs  with  keen  oilfjes  similar  to 
the  vertical '  i-ibs. 

The  writer  only  knows  at  jn-esent  of  three  caves  in  the 
whole  district  in  which  it  is  possible  lo  coni]>lete  the  joumev 
from  tlayliftht  to  dayliiiht,  viz. :  Shoi-t  Drop  Cave  on  Ijeck  Fells, 
which  empties  into  Gable  Pot ;  Howten  and  Jinf,'Hng  Caves, 
Kinijsdale,  whieh  unite  and  tenninate  in  Kowten  Pot;  and  Ixing 
Churn,  communicating  with  Ahmi  Pot  in  Ribblestlale.  It  will 
be  n<)ticerl  these  all  terminate  in  pot-holes.  It  might  Ixj  possible, 
with  the  expenditure  of  considerable  time  and  lalxiur,  not 
unattended  with  danger,  to  foi-ce  a  way  through  from  Far  Douk 
into    Douk  Cave  ( Chapel ■le-<lale),  and    from    Calf   Hole    to   Brow 
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than  Clapham  Cave,  partly  on  its  own  account  and  also  because 
it  is  believed  to  have  been  the  outlet  for  the  water  falling  into 
Gaping  Ghjll  Hole  on  the  moorland  above.  Efforts  have 
repeatedly  been  made  to  discover  a  communication  between  the 
two,  notably  within  the  last  few  years  by  Mr.  Calvert,  but  as 
yet  without  success.  Gaping  Ohyll  Hole  itself  remained  an 
unfathomable  mystery  until  1895,  when  Mens.  E.  A.  Martel,  of 
Paris,  successfully  completed  its  descent  and  discovered  an 
immense  cavern  at  the  bottom  having  an  area  of  about  half 
an  acre,  and  which  he  places  sixth  in  the  list  of  known  caverns 
in  the  world.  The  descent  was  made  by  the  aid  of  rope  ladders 
to  the  great  depth  of  350  feet* 

In  the  following  year  (1896),  Mr.  E.  Calvert  and  several 
friends,  among  whom  I  had  the  good  fortune  to  be  included, 
made  several  descents  and  tliacovered  numerous  passages  and 
other  caverns,  beside-s  completing  a  careful  survey  of  the  main 
cavern  itself.  Mr,  Calvert  devised  a  scheme  whereby  the 
explorers  were  lowered  to  the  bottom  by  a  rope  attached  to 
a  windlass,  obviously  a  safer  and  more  expeditious  method  than 
Mart«l's,  while  it  had  the  additional  advantage  of  enabling 
several  people  to  be  at  the  bottom  at  one  time  to  continue  the 
explorations.  In  justice  to  Mr.  Calvert  it  should  be  mentioned 
his  preparations  were  actually  in  progress  when  Mons.  Martel 
forestalled  him,  neither  gentleman  being  aware  of  the  other's 
intentions. 

Although  Gaping  Ghyll  is  undoubtedly  the  finest  pot-hole 
in  the  country,  it  must  give  place  to  Rowten  Pot,  in  Kingsdale, 
for  pre-eminence  in  the  matter  of  depth.  Separating  Whernside 
from  Gragareth,  Kingsdale,  though  perhaps  the  most  lonely  and 
dreary  valley  in  all  Yorkshire,  is  of  considerable  intere-st  to  the 
geologist  and  cave -hunter.  The  Kingsdale  Beck  sinks  under- 
ground at  its  head,  appearing  on  the  surface  again  two  miles 
lower  down  at  Kelt!  Head.  On  the  east  side  of  the  valley, 
there  is  an  entire  absence  of  surface  water,  and  although  several 

*  Irlande  et  CaverneB  AnglaiBes.     E.  A.  Msrtel,  1897,  pp.  335-364. 
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8troain§  descend  from  tlio  nlripes  of  Gragareth  on  the  wetct,  a 
of  them  sink  undfi'i^round  as  soon  an  tiity  reach  the  limeBton 
and  presumabty  swell  the  waterH  at  Relil  HeoH.  lion^ten  ti 
is  situated  exactly  opposite  the  faniiHttMul  of  Braida  Oartfa,  I 
an  elevation  uf  1,192  feeL  It  receives  the  watera  from  RowU 
Oill  and  Jingling  Gill,  which  unite  uoder^'ruuiid  and  &1J  int 
the  chasm  30  feet  below  the  surface.  These  channels,  whid 
may  be  followed  throughout,  if  one  does  not  object  to  crawliq 
occasionally  in  the  water,  furnish  a  good  example  of  the  emii 
course  often  followed  hy  underground  streams,  twisting  about  ii 
must  unexpected  directions.  The  opening  of  the  chasm,  whid 
is  unprotected  by  wall  or  fence,  measurea  75  feet  by  50  fid 
Close  tci  the  south  end  is  a  emallet-  opening,  1 6  feet  by  S  fed 
down  which  a  Ktone  may  be  dropped  23S  feet  before  ic  toucbfl 
the  Ituttom  of  the  main  shaft. 

During  the  last  35  years  repeated  attempts  have  been  mai)| 
to  explore  this  pot-hole  by  difierent  people,  but  all  failed  9 
reaching  the  bottom,  or  even  ascertaining  its  eitrenie  deptl^ 
resulting  in  most  exaggerated   reports  aj^  to  its  supjiosed  extent* 

In  the  autumn  of  1896  several  friends  and  myself  turned 
our  attention  to  this  chaam,  hut  owing  to  the  ijuantity  of  wat«tf 
present,  a  descent  of  more  than  150  feet  could  not  then  bi 
accomplished.  Three  times  during  the  following  spring 
returned  to  the  attack,  and  a  depth  of  315  feet  was  attained 
The  evil  genius  of  the  place  was,  however,  fletermined  to  defeat 
the  secret  of  Rowten  Pot  to  the  last,  and  we  had  to  come  awnj 
crestfallen,  but  more  resolved  than  ever  to  fathom  the  mystciy, 
Our  greatest  enemy  was  water,  and  considerable  caution  had 
be  exercised  on  that  account,  as  a  sudden  rush  might  have  bi 
attended  with  seriou.s  consequences. 

On  the  evening  of  July  4th,  IS97,  five  members  of  th 
Yorkshire  Ramblers'  Club  and  two  men,  Harry  Woodhouse  niK 
Tom  Somers,  engaged  as  assistants,  might  have  been  seen  toilin 

*The  Craven  and  North- WeM  Yorkshire  HighluidB,  U.  Speigbl 
pp.  260-261. 

lagleton.  Bygone  nnd  l*riMPiJl,  U.  R.  Baldereton,  pp.  61-3. 
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up  the  mountain  Bide,  struggling  with  &  l&rge  quantity  of  tackle, 
for  another  attempt  on  the  pot-hole.  This  was  no  eaay  task,  the 
gooda  weighing  about  3  cwt,  constating  of  iiome  200  feet  of  rope- 
ladders,  1,700  feet  of  strong  ropee,  two  large  flare-lamps,  with 
a  quantity  of  paraffin,  two  complete  sets  of  telephone  apparatus, 
various  pulley-blocks,  tools,  candles,  and  a  miscellaueous  assort- 
ment of  other  necessary  articles.  At  six  o'clock  next  morning  we 
were  at  the  mouth  of  the  chasm,  and  the  descent  commenced. 
The  first  70  feet  present  no  special  difficulties,  and  can  be 
climbed  without  the  aid  of  a  rope.  Here  the  first  ladder  was 
fixed  to  facilitate  the  descent  to  a  ledge  named  the  Bridge 
I^atform,  about  100  feet  from  the  surface,  where  a  natural  arch 
of  rock  spans  the  water  guUey.  To  this  platform  all  the  tackle 
had  to  be  lowered,  as  it  formed  the  main  working  level.  Day- 
light not  penetrating  further,  one  of  the  lai^  flare-lamps  was 
let  down  still  further  into  the  hole.  The  rope-ladders  were  now 
lowered  and  made  fast  on  the  Bridge,  and  Messrs.  T.  Booth, 
W.  Parsons,  J.  W.  Swithenbank,  and  myself  in  turn  climbed 
down,  through  two  waterfalls,  to  the  bottom  of  the  main  chasm, 
235  feet  from  the  surface.  Mr,  C.  Scriven,  who  was  in  charge 
of  the  work  on  the  Bridge,  then  lowered  the  ladders  bodily  to 
where  we  were,  and  three  of  the  party  continued  the  descent, 
while  I  remained  to  maintain  communication  with  those  above 
by  means  of  the  telephone,  and  do  other  necessary  work.  The 
task  of  waiting  for  several  hours,  alone  and  wet  to  the  skin,  was 
not  an  agreeable  one,  and  I  wsji  glad  when,  about  eleven  o'clock, 
Parsons  returned  with  the  good  news  that  the  bottom  had  been 
reached  and  Rowten  Pot  conquered  at  last.  It  was  now  my 
turn  to  go  forward,  and  after  negotiating  two  more  waterfalls 
and  three  ladder  climbs,  followed  by  a  descent  down  a  tortuous 
passage,  I  stood  at  Iu8t  on  tlie  very  bottom,  365  feet  below  the 
surface,  and  more  than  20  feet  bi'low  the  bottom  of  the  valley 
itself  at  that  point.  The  lowest  portion  consists  of  a  series  of 
short  passages,  having  several  feet  of  water  in  them,  and  paved 
with  well-worn  stones.  From  the  clean,  waterwom  appearance 
of  the  rocky  and  the  small  size  of  the  passages,  they  must  rapidly 
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and  fr«<]ueiit)y  fill  with  wat«r;  we  did  not,  tlierefore,  linger 
such  Ml  undrflirnblt!  locjility  longer  tluui  nocessury  to  make  wi 
iiistruinent«l  obserrationit  niid  Ituive  n  record  of  our  deaoeii' 
The  UMUi^rature  of  the  wal«i-  was  found  to  be  48*  F.,  that 
the  nir  itt^  P.,  while  the  outsidi?  t^nipeniture  wiw  nliuut  63' 

On  rrluming  to  th»  Ixiltom  of  tlie  main  ohaaio,  conaidi 
able  timo  wan  Innt  in  re-v-stMbhxhing  commuDication  with  tin 
above  owiiijij  to  the  failun'  of  the  telephone.  In  tiur  tirwl  m 
wet  o<)Mditii>n  the  ««ceiit  of  thi*  1-15  feet  of  rope-lad<lcr  witho 
It  rest  wiiH  very  trying,  but  nil  re(u.'he<l  the  Bridge  again  withu 
n]i«hnp.  Then  followed  tlw  work  i>t  huuHog  everytbinx  up  tJ 
reuiHiuin^  100  feet  to  the  surfoce.  Only  thixe  who  lutve  bi 
ex|>en<!iiue  in  hauling  rupea  under  such  trying  conditions  a 
fully  kpprv-ciut^-  our  iib]ig»tionii  Ui  Mr.  Scriven  and  the  othe 
(or  the  generous  wuy  in  which  they  lalxiured  on  the  Bridji 
The  whole  expedition  owupied  over  14  hours  of  oontinuoua  war 

The  writer  is  fn-tjuently  asked  if  there  is  no  dancer  t«  1 
appi\']ipriiled  from  the  preNenae  of  impure  uir  in  these  chasm 
A  not  inconsiderable  experience  in  eaves  and  pot-holes,  the  latt 
both  abaolutely  dry  aa  well  as  wet,  leada  me  to  affirm  there  is  i 
danger  to  be  feared  on  that  aecount,  under  usual  conditions. 
limestone  forniationa.  I  have  never  felt  the  slightest  inconvenien 
froni  that  cauae^  or  has  the  light  of  the  candle  shown  any  dimiii 
tion  in  int«nBity.  With  the  object  of  a^eertaining  the  proportif 
of  the  constituentd  of  the  air,  a  sample  at  a  deptli  of  a\i)-\ 
300  feet  was  obtJiined  during  one  of  the  attempts  on  Rowu 
Pot,  together  with  one  from  the  surface  for  comparison.  Thn 
were  submitted  to  Prof.  Smithells,  who  kindly  eonsented  to  hai 
them  analysed  at  the  Yorkshire  College,  but,  unfortuaatoty,  tl; 
cjuant.ity  supplied  was  too  small  to  allow  of  accurate  determinatio 
of    the   carbon   dioxide;    the   relative    proportion   of   oxygen   wa. 


*  T)ic  ril>))(.il  L-imnu'ler  of  erosion  of  the  rock  raferrml  lu  in  the  earlii 
pajl  of  tJie  paper  ii  here  found  in  profuaiun,  and  with  the  addition 
pecoLiarity  that  n  large  proportion  of  the  rib«  or  llakee  are  supported  fro 
above  instead  of  boluw.  This  Utter  it  a  (ealure  not  notieeshle  in  otb 
pot-holiffl  to  any  ext«iit. 
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therefore,  merely  determined.  The  results  showed  a  slight 
deficiency  of  oxygen  in  the  air  from  below,  but  the  difference 
was   not  very  large. 

Referring  to  the  diagrams,  these  must  not  be  accepted  as 
absolutely  correct,  hut  merely  as  sketch  plans,  drawn  partly  from 
memory  and  notes,  with  a  few  dimensions  taken  at  the  time. 
Owing  to  the  difficulty  of  the  descent  there  was  no  opportunity 
to  make  careful  surveys,  neither  were  the  mental  faculties  in 
a  condition  to  undertake  such  work.  Fig.  1  shows  the  surface 
outline  of  the  opening,  and  figs.  2,  3,  4,  are  plana  at  various 
levels,  the  relative  positions  of  the  surface  opening  being  shown 
in  dotted  lines.  The  vertical  section  in  particular  is  merely 
intended  to  represent  the  various  levels,  as,  owing  to  the 
tortuous  character  of  the  fissures,  a  true  section  is  impossible. 


ox    BICMT   PRII-IIIBTORIO   "  riMDS "   IM   THE   XKlaHBODRHOOD   OF 
TODHOftDKK, 


'   LAW,    F.O.a. 

(Bead  ^'a7!mnlm■  Mtk,  1898.) 

Plats  LXVI. 

On  Tliuntcln;r>  J"'?  7th  of  tliia  year  (1898),  a  very  intereating; 
Mid  important  (uvhiegloKicnl  HtBCovery  waa  made  od  &  portion 
of  land  known  a*  Hij^her  Crose  Stone  Farm,  belonging  to 
Mr.  SiitclilTc*,  iif  Toilmordou.  Tn  a,  field  on  this  ^no,  called 
Black  Hc«th,  a  ring  circle,  made  of  eartli,  lias  long  been  known 
to  fiist.  and  has  gone  by  the  name  of  thp  "Frying  Pan."  No 
history  or  tradition  exists  as  to  the  origin  of  this  circle,  and 
various  Hpeculations  have  from  time  to  time  been  indulged  in 
by  the  residents.  Some  have  called  it  a  Roman  Camp,  others 
a  fairy  circle,  others  a  circus  ring,  made  to  break  in  horses; 
but  the  excavations  prove  it  to  be  a  burial  place  of  pre-historic 
times.  Mr.  Tattersall  Wilkinson,  of  Burnley,  a  well-known 
archteologiat  of  considerable  experience  on  ring  circles,  along 
with  the  writer  of  this  article,  came  to  the  conclusion,  on 
hearing  of  this  circle,  that  it  probably  contained  human  remains, 
and  an  excavating  party  was  organised  to  meet  on  the  3[>ot  on 
the  day  above  mentioned.  This  party  met  at  the  appointed 
time,  and  the  plan  of  operations  was  to  find  the  centre  of  the 
circle,  by  meant)  of  a  tape,  then  to  dig  a  circular  trench,  about 
three  feet  from  the  centre,  in  which  space  it  was  thought  the 
remains  would  lie.  The  ring  was  nearly  a  perfect  circle.  It 
waa  raised  conspicuously  above  the  ground.  The  rim  of  raised 
earth  was  about  three  feet  wide,  and  the  diameter  of  the  whole 
circle  was  thirty  yards.  After  the  digging  had  been  going  on 
for   a   short   time,  burnt   soil   and    charcoal   were   met  with,   and 
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the  top  of  aa  um  was  exposed  to  view.  The  di|;gers  then 
went  to  work  with  the  greatest  possible  care,  and  very  soon 
a  beautiful  um  was  laid  bai-e  exactly  in  the  centre  of  the  ring. 
The  um  was  embedded  in  charcoal  and  calcined  bones.  It  was 
ten  inches  high  and  nine  inches  at  the  top,  tapering  to  about 
throe  inches  wide  at  the  bottom.  There  was  a  rim  or  coll&r 
in  the  upper  part  of  the  um  about  throe  inches  deep,  which 
stood  out  about  one  inch  in  relief  from  the  lower  part  of  it. 
The  collar  was  ornamented,  probably  by  a  pointed  stick,  with 
the  herring-bone  pattern.  The  outer  part  of  the  um  was  plain. 
In  clearing  away  the  debris  from  the  um  another  one  was 
discovered,  different  in  pattern  and  less  in  size,  but  in  a  very 
perfect  state  of  preservation. 

About  two  feet  from  this,  on  the  opposite  side  of  the 
central  um,  another  urn  was  discovered  and  laid  bare,  by  care- 
fully digging  round  it  with  a  trowel.  This  um  was  also  in 
a  good  state  of  presenation,  and  about  the  size  of  the  second 
one,  but  differently  ornamented.  These  smaller  urns  were  the 
same  shape  as  the  larger  central  one,  but  the  ornamentations 
were  not  so  fine,  and  they  were  made  of  inferior  clay.  On  the 
south  side  of  the  circle,  aljout  two  feet  from  the  centre,  another 
um  was  discovered,  but  it  appeared  to  be  insufficiently  baked 
when  manufactured,  and  had  decomposed  and  cmmbled  into 
dust.  From  the  inside  of  this  ura  a  large  quantity  of  calcined 
human  bones  and  charcoal  was  dug  up,  but  the  bones  were  very 
fragmentary,  and  the  sex  of  the  pei-son  to  whom  the  bones 
belonged  could  not  be  determined.  Several  portions  of  cranium, 
rib  bones,  and  lower  and  upper  leg  bones  were  found  among 
the  debris. 

Within  a  few  inches  of  this  um  two  suiull  (so  called) 
incense  cups  were  found.  One  of  them  was  very  perfect  and 
in  au'  excellent  state  of  preservation,  and  was  beautifully 
ornamented  all  over.  These  cups  were  about  three  inches  in 
height  and  three  and  a  half  inches  in  diameter,  but  tapered 
a   httle  at   the   bottom.      Indications   of   three  other   urns   were 


id  «ni  ■■<  abuat  two  fiwt  j^Mrt 
M«d  wy  bam  tbe    thmr  fvrftv 
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ta^Bli   and    csarrvnl     to    TadaKinfen 
i^All  ud  plMml  in  the   Free  Ltbnu^ 


•  •f  ^npericx-  make   to  the  otiwfl 

T    t^^4:^i   -j[>.-a.      Tbe  vork   «ms   tedioaB  ■■ 

:-_■ «:    i-anri  Ml    war    pos^ble.       Each     mitialo 

k      ^:   Vv  3>e»:i<   •.-f   »   small   pocket    knifie   tfc 

-i  -.r.  tl'.^  -^ms.  And    the    matmal    was    doaal 

j:  '  :;  :b«  z*oif.  For  tbe  fir^  half  boa 
-•-..-'.iz  vA*  fiHiaii.  Tbe  ctntents  whidi  hai 
-".  »-rrv  i<.irth'>cs  (jt  bruken  artu  of  a  aiaula 
u:r.    'i:^:    «»>    Veins    examined,  but    were    no 

;v.u?-:  bAvr  'Men  placed  (here  as  fiQiD^ 
^-.'.'t.  '.hestf  um  fracmenis  thet¥  wsa  aome  <1h1 
:r.  Ar:inikn*i  :•■  nave  been  bomt,  qnantltMa  0 
■sxil"  tnjmer.K  of  bones,  and  bits  > 
:  v*r:y  .j-^^  ^A'lter  into  the  n 
'.'.er\'::>  ar.i  ir-  lArjer  fragments  and  of  a  mar 
,r.ii-:fr.  sr.-.i  this  went  tm  until  the  am  ha 
^i.  The  r»->i  oi  :he  cuntenU  ot  the  am  the 
"!*;".■,_■  .i'v,:..~:    i-r.tirtA"   calcined  bones,  and    bor 
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after  bone  was  picked  out,  examiDed,  and  laid  od  the  table. 
Among  these  bones  were  fragments  of  variouH  size^,  of  cranium, 
portions  of  scapula,  pelvic  bones,  femur,  tibia  and  other  bones 
of  the  legs.  Besides  these  there  were  fragments  of  ribs  and 
perfect  toe  bones. 

Presently  a  small  cup  was  laid  bare  inside  the  urn,  and 
a  few  pokes  with  the  knife  so  far  emptied  it  of  its  contents 
that  an  ancient  relic  could  be  seen  which  differed  from  any 
that  had  yet  been  found.  A  moment  later  a  piece  of  metal 
was  picked  out  of  the  cup  resembling  a  spear  head.  It  was 
about  2 J  inches  long  and  IJ  inches  wide  at  one  end,  and  tapered 
to  a  point  at  the  other.  It  was  thin  and  flat  and  sharp  at  the 
sides  and  point.  It  contained  a  rivet  at  the  two  extremities  and 
another  one  about  half  way  up  one  aide.  A  bronze  pin  was  also 
found  about  the  same  time  as  this  piece  of  metal,  and  on  careful 
examination  the  metal  and  the  pin  were  made  out  to  be  a  bronze 
brooch,  the  pin  having  probably  been  detached  in  extracting  it 
from  the  bones  in  the  cup.  Eesi<!e3  this  brooch  about  a  dozen 
beads  of  a  necklace  were  found,  which  were  chiefly  of  a  rounded 
shape  and  about  half  an  inch  in  tliameter.  Some  of  the  beads 
seem  to  have  been  made  of  jet,  and  some  of  bone,  and  were 
more  or  less  rudely  carved.  A  bone  pin  was  next  brought  to 
light.  It  was  about  two  inches  in  length  and  the  eiglith  of  an 
inch  in  diameter  at  one  end,  tapering  towards  a  point  at  the 
other.  It  was  cylindrical  in  form  and  slightly  curved.  The  fact 
of  all  these  ornaments  having  been  carefully  placed  in  the  cup 
and  buried  with  the  urn  points  to  the  cup  having  been  used 
as  a  utensil  in  which  to  preserve  what  was  considered  of  great 
value.     Several  human   teeth   were  also  found  in    this  cup. 

The  opening  of  the  two  inferior  urns  proved  that  they 
contained  nothing  more  than  the  sweepings  up  of  the  funeral 
pile  which  prol>ably  took  place  after  the  calcined  bones  had 
been    placed    in    the   moi'c    important    urn. 

Since  this  discovery  was  made  a  beautifully-formed  flint 
arrow   head    of   the    leaf-shaped    pattei-n    has  been    found    in    the 
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I  Cran  wUeIi  the  ums  wen  dug-  There  hat 
or  (fan*  OHMV  ants  diamrerad  Tithin  the  same 
eoBtoits  harv  ool  yet  been  diarloised.  The  find 
hniBje  brauch  and  haoe  pin  witliin  one  of  tlie 
I1B  ■■liwl  flinU.  pnit«  berond  »  doubt  that  the 
I  amfa  in  fvdiistonr  tinMa,  itad  that  the  n 
IB  tfaoK  nras  IwloDj;  u>  *  tribe  of  human  being 
iBg  •uom:  part  of  the  broose  age,  when,  as  u 
a  practbcd  in  monj  parte  of  thU  ca 
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NOTES    ON    80X1!     PHTSICAL     FEATURES     IH     ICELAND. 
BY    C.    W.    rSNNKLL,    F.O.S. 

{Sead  17(A  A'ovember,   1898.) 
Plate  LXVII. 

In  response  to  a  request  from  the  Council  of  this  Society, 
I  have  endeavoured  to  put  into  the  form  of  a  short  paper 
a  few  notes  and  recollectionH  gathered  during  a  visit  to  Iceland 
in  August  and  September  of  the  present   year. 

Iceland  just  dips  into  the  Arctic  Circle  in  its  northern 
parts,  and  is  leas  than  250  miles  from  the  coast  of  Greenland. 
It  is  a  land  of  everlasting  snow,  with  an  area  of  40,000  square 
miles,  and  a  population  of  70,000,  with  30  active  volcanoes, 
of  which  the  principal  are  OrSfa  Jiikull,  6,410  feet  hijjh, 
Hekla,  5,095,  with  Vatna  Jokull,  noted  for  the  great  erupt  i<n 
of  1875,  and  Skaptaa  Jokull,  which  is  witrf  to  have  thrown  out 
no  less  than  40,000  million  tons  of  matter,  to  have  killed  over 
1,300  human  beings,  20,000  horses,  7,000  cattle,  and  130,000 
sheep  in  the  awful  eruption  of  1783.  The  great  lava  streams 
that  caused  thia  havoc  can  readily  be  seen  to-day. 

Iceland  is  a  volcanic,  treeless,  mountainous  land,  wherein 
dwelleth  Frost  and  Fire.  It  contains  immense  lava  deaerta  and 
drear  wastes,  with  boiling  mud  and  hot  springs,  with  creeping 
glaciers  and  snow^covered  jitkulla.  Its  bleak  and  sterile  grandeur, 
aided  by  a  gloriously  clear  atmosphere,  and  wonderful  sunsets, 
and  brilliant  Aurora  Borealis,  is  surtily  sufficient  to  stir  up 
enthusiasm  and  poetry  even  in  the  stony  heart  of  a  Geologist. 

This  island  is  said  to  be  the  most  extensive  area  of  volcainc 
rock  known.  Dr.  Thoroddsen,  the  Geological  Surveyor  of  Iceland 
under  the  Danish  Government,  was  exceedingly  kind  in  imparting 
his     knowledge     to     me     on     many    occasions,    and     said     that 
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hi^  Fepms.  waacft  «*«  stmurd  nidvmT  betvMi 
1-^:^111.  SBJ  vBbcfa  aiv  cBiiiclr  volcanic,  bein; 
.T»^  4iiii  fCKwu  <:{  bftnk.  ftrmaof  tlie  chKractetistM 
■curfBifsu  <«<n  >:«  almaa  n^rv  hillsde.  whid 
*i«  £iik|w.uihr  Bwir  tbe  mare  proauDen 
>•>  iKicxBf  the  Au  lops  <ji  saane  of  tb 
<4  t»p  hrsmian.  it  w»s  [wrticnUri; 
;-  ■->T*ts7---j'  :..■  »4«  &'!  ««  uaT«Il«l  Dortb  roond  the  r<»st  u 
I<«-:az>i.  :>:'«  :br  -imwisikitt  of  this  mafiuficeai  ecwst  wa 
:.T»i=AllT  t-.^niiii^  vbat  will  in  xotkt  T«t  to  cwdf  be  »  groap  < 
i^.^u>is  vrTX  <imiW  i<^-  the  Fvroes  in  thnr  general   «ppe<truK:«. 

We  Axv-  iDf':<TDMl  that  the  |rT«*i  volcsnic  island  of  Icelan 
U  «>fu>ect«d  sith  tbe  Fjctws  br  «  sabotvine  votonic  ridge,  an 
Sir  Archibald  0«ikie  tc^ls  as  thai  nowh««  in  Eun^ie  ar«  tb 
]er.-«>as  t-f  deoodation  more  ekiqaentlT  Uoght  than  at  the  Frroet 
I  think  ve  may  ay  witboat  fear  of  eootndictkm  thst  thi 
el'^oence  is  exteitded  lo  tbe  coast  of  IceUnd,  especially  betwce 
[>vraf}<.>rd  and  Isafjord. 
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The  north-west  comer  of  Iceland  is  a  peniDsala  of  very 
considerable  area,  connected  with  the  main  land  by  a  very  narrow 
neck  of  land  some  four  Enj^lish  miles  in  width,  and  on  this 
portion  of  the  coast  we  see  the  grand  basalt  and  lava  hills  uf 
3,000  feet  in  height,  with  fjords  of  all  sizes  from  the  parent 
Isafjord,  with  its  wide  entrance  t«n  miles  across  and  which  finds 
its  way  inland  for  40  miles,  to  the  smaller  fjords,  which  again 
have  their  branch  valleys,  each  with  their  stream  and  tributary 
torrents  rushing  down  the  mountain  side,  which  valleys  frequently 
descend  from  a  snow-capped  mountain  or  jiikull,  and  that  the 
dividing  hills  between  these  branch  valleys  have  in  their  turn 
to  give  way  to  the  all-powerful  denuding  influences  of  frost  and 
sea,  wind  and  storm. 

One  can  easily  understand  from  this  object  lesson  how  those 
peculiar  looking  islands  at  the  Fierues,  such  as  Naalsii  and 
Kalso,  were  formed,  and  which  now  appear  as  long,  narrow 
mountain  ranges  coining  out  of  the  sea.  A  little  more  subsidence 
of  the  land  and  we  should  have  a  very  similar  group  of  islands 
formed  out  of  this  Xortli  West  Peninsula  of  Iceland. 

It  may  interext  some  to  hear  that  the  magnetic  needle  is 
so  much  affected  off  some  parts  of  the  nininlantl  that  it  cannot 
be  relied  on  as  a  guide  to  the  navigator. 

The  most  northerly  point  of  Iceland  is  the  edge  of  a  large 
low-lying  plain  of  pre-glacial  lava  many  square  miles  in  extent. 

2. — The  Gharactehistic  "  Tussocky  "  Condition  of  Large 
WuKFACK  Ark.  AS. 
This  feature  of  the  country  is,  owing  to  its  great  peculiarity, 
one  of  the  first  things  to  attract  the  attention  of  the  traveller, 
especially  if  a  long  ride  or  walk  is  made  over  tliis  rough  surface. 
The  appearance  lias  been  likened  to  that  of  a  c<)untry  churchyard 
without  the  tombstones,  and  if  every  mound  were  cut  into  two 
or  three  tussocks  it  would  certainly  enable  you  to  realise  the 
most  common  feature  in  the  Icelandic  scenery  where  there  is 
any  vegetation  at  all. 


ON   RKCRNT   PBR-HiaTOElC   "  7INM "    IK  THK   HEIOnSOL'RHOOD    OP 
TODMOBDBM,    TORKBHIRR. 

BY   HOBSBT    LAW,    r.O.S. 

{Read  Novtmher  MtK,  1898.) 

Platr  LXVI. 

On  Thursday,  July  7th  of  this  year  (1898),  a  very  iiiMreetiiig 
and  important  arohiedlogiisal  dtHCuvcry  was  made  on  a  portion 
of  land  known  aa  Higlier  Cross  Stone  Farm,  l)elun^ng  to 
Mr.  Sutcliffe,  of  Todiiiordeii.  In  a  field  on  this  farm,  colled 
Ulack  Heiith,  a  ring  circle,  made  of  earth,  has  lone;  been  known 
to  exist,  and  has  gone  by  the  name  of  the  "Frying  Pan."  No 
history  or  tradition  exists  as  to  the  origin  of  this  circle,  and 
various  speculations  have  from  time  to  time  been  indulged  in 
by  the  residents.  Some  have  called  it  a  Roman  Camp,  others 
a  fairy  circle,  others  a  circus  ring,  made  to  break  in  horses ; 
but  the  excavations  prove  it  to  be  a  burial  place  of  pre-hiatoric 
times.  Mr.  Tattersall  Wilkinson,  of  Burnley,  a  well-known 
archeeologist  of  considerable  experience  on  ring  circles,  along 
with  the  writer  of  this  article,  came  to  the  conclusion,  on 
hearing  of  this  circle,  that  it  probably  contained  human  remains, 
and  an  excavating  party  was  organised  to  meet  on  the  spot  on 
the  day  above  mentioned.  This  party  met  at  the  appointed 
time,  and  tJie  plan  of  operations  was  to  find  the  centre  of  the 
circle,  by  means  of  a  tape,  then  to  dig  a  circular  trench,  about 
three  feet  from  the  centre,  in  which  space  it  was  thought  the 
remains  would  lie.  The  ring  was  nearly  a  perfect  circle.  It 
was  raised  conspicuously  above  the  ground.  The  rim  of  raised 
earth  was  about  three  feet  wide,  and  the  diameter  of  the  whole 
circle  was  thirty  yards.  After  the  digging  had  been  going  on 
for   a   short    time,  burnt   soil   and   charcoal    were   met  with,    and 
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the  top  of  an  um  was  expoaed  to  view.  The  diggers  then 
went  to  work  with  the  greatest  possible  care,  and  very  soon 
a  beautiful  um  was  laid  bare  exactly  in  the  centre  of  the  ring. 
The  um  was  embedded  in  charcoal  and  calcined  bones.  It  was 
ten  inches  high  and  nine  inches  at  the  top,  tapering  to  about 
three  inches  wide  at  the  bottom.  There  was  a  rim  or  collar 
in  the  upper  part  of  the  um  about  three  inches  deep,  which 
stood  out  about  one  inch  in  relief  from  the  lower  part  of  it. 
The  collar  was  ornamented,  probably  by  a  pointed  stick,  with 
the  herring-bone  pattern.  The  outer  part  of  the  um  was  plain. 
In  clearing  away  the  debris  from  the  um  another  one  was 
discovered,  different  in  pattern  and  less  in  size,  but  in  &  very 
perfect  state  of  preservation. 

About  two  feet  from  this,  on  the  opposite  side  of  the 
central  urn,  another  um  was  discovered  and  laid  bare,  by  care- 
fully digging  round  it  with  a  trowel.  This  urn  was  also  in 
a  good  state  of  preservation,  and  about  the  size  of  the  second 
one,  but  differently  ornamented.  These  smaller  urns  were  the 
same  shape  as  the  larger  central  one,  but  the  ornamentations 
were  not  so  fine,  and  they  were  made  of  inferior  clay.  On  the 
south  side  of  the  circle,  about  two  feet  from  the  centre,  another 
um  was  discovered,  but  it  appeared  to  be  insufficiently  baked 
when  manufactured,  and  had  decomposed  and  crumbled  into 
dust.  From  the  inside  of  this  urn  a  large  quantity  of  calcined 
human  bones  and  charcoal  was  dug  up,  but  the  bones  were  very 
fragmentary,  and  the  sex  of  the  person  to  whom  the  bones 
belonged  could  not  be  determined.  Several  portions  of  cranium, 
rib  bones,  and  lower  and  upper  leg  bones  were  found  among 
the  debris. 

Within  a  few  inches  of  this  urn  two  small  (so  called) 
incense  cups  were  found.  One  of  them  was  very  perfect  and 
in  an.  excellent  state  of  preservation,  and  was  beautifully 
ornamented  all  over.  These  cups  were  about  three  inches  in 
height  and  three  and  a  lialf  inches  in  diameter,  but  tapered 
a   little   at    the   bittoni.      Indications   of   three   other   ums   were 
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ol)HPrved,  but  they  were  so  much  decomposed  tliat 
n[)t)iiiig  n>uU]  \te  tna^le  tif  thnm.  The  ut)iers  seemed  tu 
armng^  about  the  Urge  c-entrRl  um  and  about  two  feet  apart 
When  tlie  earth  had  been  cleared  away  from  the  three  perfect 
uriiH,  aiid  before  they  had  bt'eri  removed,  several  photograplu 
Wf-re  taken  of  them  in  nitii.  One  of  the  smaller  urns  letined 
a  little  to  the  south.  .Several  pieces  of  flint  and  ehert  were 
dug  out  of  the  excavation.  The  ui'n»  and  incenae  cujis  Iteiri^; 
removed  were  put  into  Iwakets  and  conveyed  to  TiMlniordcn, 
where  they  were  re-phi>tcigrnphed  and  placed  in  thi-  Frei 
■for  their  safe  keeping. 


1 


On   July    13th,  six    days    after    the    "find,"    tl 
opened  at  the  Co-operative  Hall,  Todmorden,  before  a  very  largv 
gathering    of    scientific    ladies    and    gentlemen    drawn    from    tlie 
surrounding   diutricts.       Mr.  Tattersall  Wilkinson,   Dr.  Cruiup,  (^^ 
Bamley,    and    the   author    were   entrusted    with    the    opening  J^^ 
the  urns. 

The  largest  one,  which  was  of  superior  make  to  the  otben, 
was  the  first  to  be  operated  upon.  The  work  was  tediooa  and 
was  done  in  the  most  careful  way  possible.  Elach  operator 
commenced  to  pick  out  by  means  of  a  smalt  pocket  knife  Uw  , 
substances  depusited  in  the  urns,  and  the  material  was  doselj 
examined  as  it  fell  out  on  the  table.  For  the  first  half  honr 
or  so  nothing  particular  was  found.  The  contents  which  had 
been  so  far  dug  out  were  portions  of  broken  urns  of  a  sinular 
pattern  to  the  urn  that  was  being  examined,  but  were  not 
portions  of  it,  and  must  have  been  placed  there  as  filUng-iB 
material.  Along  with  these  um  fragments  there  was  some  daric 
brown  sand,  which  appeared  to  have  been  burnt,  cguantitiea  of 
bituminous  soil,  small  fragments  of  bones,  and  bits  of  chanxML 
As  the  examining  party  dug  deeper  into  the  um  human  bonea 
became  more  nunierous  and  in  larger  fragments  and  of  a  more 
determinable  character,  and  this  went  on  until  the  urn  had 
been  half  eniptie<l.  The  rest  of  the  contents  of  the  urn  then 
showed  signs  of  being  almo^tt   entirely  calcined  bones,  and    bone 
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after  bone  was  picked  out,  examined,  and  laid  on  the  table. 
Atncoig  these  bones  were  fragments  of  various  sizes,  of  cranium, 
portions  of  scapula,  pelvic  bones,  femur,  tibia  and  other  bones 
of  the  legs.  Besides  these  there  were  fragments  of  ribs  and 
perfect  toe  bones. 

Presently  a  small  cup  was  laid  bare  inside  the  urn,  and 
a  few  pokes  with  the  knife  so  far  emptied  it  of  its  contents 
that  an  ancient  relic  could  be  seen  which  differed  from  any 
that  had  yet  been  found.  A  moment  later  a  piece  of  niet&l 
was  picked  out  of  the  cup  resembling  a  spear  head.  It  was 
about  2^  inches  long  and  IJ  inches  wide  at  one  end,  and  tapered 
to  a  point  at  the  other.  It  was  thin  and  flat  and  sharp  at  the 
sides  and  point.  It  contained  a  rivet  at  the  two  extremities  and 
another  one  about  half  way  up  one  side.  A  bronze  pin  was  also 
found  about  the  same  time  as  this  piece  of  metal,  and  on  careful 
examination  the  metal  and  the  pin  were  ma<le  out  to  be  a  bronze 
brooch,  the  pin  having  probably  been  detached  in  extracting  it 
from  the  bones  in  the  cup.  Besides  this  brooch  about  a  dozen 
beads  of  a  necklace  were  found,  which  were  chiefly  of  a  rounded 
shape  and  about  half  an  inch  in  diameter.  Some  of  the  beads 
seem  to  have  been  made  of  jet,  and  some  of  bone,  and  were 
more  or  less  rudely  carved.  A  hone  pin  was  next  brought  to 
light.  It  was  alxjut  twu  inches  in  length  and  the  eighth  of  an 
inch  in  diameter  at  one  end,  tapering  towards  a  point  at  the 
other.  It  waa  cylindrical  in  fiinn  and  slightly  curved.  The  fact 
of  all  these  ornaments  having  been  carefully  placed  in  the  cup 
and  buried  with  the  urn  p>int8  to  the  cup  having  been  used 
as  a  utensil  in  which  to  preserve  what  v-'os  considered  of  great 
value.     Several   human  teeth   were  also  found   in   this  cup. 

The  opening  of  the  two  inferior  urns  proved  that  they 
contained  nothing  more  than  the  sweepings  up  of  the  funeral 
pile  which  probably  took  place  after  the  calcined  bones  had 
been    placed    in    the   more    important    urn. 

Since  this  discovery  was  mode  a  beautifully -formed  flint 
arrow   head    of   the   leaf-shaped   pattern   has  been    found    in    the 


Hfliue  hole  from  which  the  urns  were  dug.  There 
been  two  or  three  more  urns  discovered  within  t 
but  their  contents  have  not  yefc  been  diBclosed.  The  findiiig  of 
the  ruda  bronze  brooch  and  bone  i>in  within  one  of  the  urns, 
and  the  asaociated  flintu,  prove  beyond  a  doubt  that  the  inter- 
ment vrwi  made  in  pre-historic  timen,  and  that  llie  remains 
deposited  in  theae  urna  belong  to  a  tribe  of  human  beings  who 
lived  during  some  part  of  the  bronze  age,  when,  as  is  well 
known,  cremation  was  practised  in  many  parts  of  thta  country. 
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NOTES     ON     SO  HE     PHTSICAL     FEATURES     IN     ICELAND. 
BY    C.    W.    FENKKLL,    r.O.B. 

(Bead  17(A  ^ovembor,  1898.) 
Plate  LXVII. 

In  reuponse  to  a  request  from  the  Council  of  tliis  Society, 
I  have  endeavoured  to  put  into  the  form  of  a  short  paper 
a  few  notes  and  recollections  gathered  during  a  visit  to  Iceland 
in  August  and  September  of  the  present  year. 

Iceland  just  dips  into  the  Arctic  Circle  in  its  northern 
parts,  and  is  less  than  250  miles  from  the  coast  of  Greenland. 
It  in  a  land  of  everlasting  snow,  with  an  area  of  40,000  square 
miles,  and  a  population  of  70,000,  with  20  active  volcanoes, 
of  which  the  principal  are  Orfifa  Jdkull,  6,410  feet  hi^h, 
Hekla,  5,095,  with  Vatna  Jokull,  noted  for  the  great  erupiiin 
of  1875,  and  Skaptaa  Jokull,  which  is  gaid  to  have  thrown  out 
no  leas  than  40,000  million  tons  of  matter,  to  have  killed  over 
1,300  human  beings,  20,000  horses,  7,000  cattle,  and  130,000 
sheep  in  the  awful  eruption  of  1783.  The  great  lava  streams 
that  caused  this  havoc  can  readily  be  seen  to-day. 

Iceland  is  a  volcanic,  treeless,  mountainous  land,  wherein 
dwelleth  Frost  and  Fire.  It  contains  immense  lava  deserts  and 
drear  wastes,  with  boiling  mud  and  hot  springs,  with  creeping 
glaciers  and  snowK;overed  jiikulls.  Its  bleak  and  sterile  grandeur, 
aided  by  a  gloriously  clear  atmosphere,  and  wonderful  sunsetw, 
and  brilliant  Aurora  Borealis,  is  surely  sufficient  to  stir  up 
enthusiasm  and  poetry  even  in  the  stony  heart  of  a  Geologist. 

This  island  is  said  t«  be  the  most  extensive  area  of  volcaric 
rock  known.  Dr.  Thoroddsen,  the  Geological  Sur\-eyor  of  Iceland 
under  the  Danish  Government,  was  exceedingly  kind  in  imparting 
his     knowledge     to     me     on     many    occasions,    and     said     that 
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till'  liusalt  in  looiftncl  is  in  miiuy  plocxn  10,000  fi'<ct  in 
thickness.  This  country  is  remarkable  for  the  Urge  fis8ure« 
which  run  from  north  to  south  in  the  north  of  tlie  inland,  anil 
i»  the  south  the  direction  is  generally  N.E.  t<i  8.W.  From 
thcsn  fissures  in  many  cases  have  issued  streams  uf  lava,  and 
thoy  are  now  sometimes  marked  out  with  springs  uf  boiling 
wat«r.  Unfortunately  the  time  I  had  on  land  did  not  give  roe 
the  opportunity  of  studying  these  matters  of  great  geological 
interest  so  carefully  as  I  should  have  liked.  I  am  therefore 
intending  to  confine  my  remarks,  which  shall  be  veiy  brief,  to 
three  physical  features  which  particularly  attract^  my  attention. 

1.  Weathering  and  disintegration  of  the  coast  line. 

2.  Characteristic    "  tuasocky "    condition     of     large     surface 


3.     The  Icelandic  Puzzle— Stone  Outlines. 


1.       WBATnEBINfi    AND   DiBINTKORATIOTI   OF  THE  CoAST. 


i 


After  spending  several  days  at  that  most  interesting  group 
of  Islands,  the  Fieroes,  which  are  situated  midway  between 
fjcotland  and  Iceland,  and  which  are  entirely  volcanic,  being 
built  up  of  lavas  and  sheets  of  basalt,  forming  the  characteristic 
terrace-like  escarpments  seen  on  almost  every  hillside,  which 
{especially  in  Iceland)  are  fre<jHently  made  the  more  prominent 
by  a  line  of  snow,  also  noting  the  flat  tops  of  some  of  the 
islands  so  distinctively  of  trap  formation,  it  was  particularly 
interesting  to  note  as  we  travelleil  north  round  the  coast  of 
Iceland,  how  the  denudation  of  this  magnilicent  coast  was 
gradually  forming  what  will  in  ieons  yet  to  come  be  a  group  of 
islands  very  similar  to  the  Fieroes  in  their  general  appearance. 

We  are  informe<l  that  the  great  volcanic  island  of  Iceland 
is  connected  with  the  Fieroes  by  a  submarine  volcanic  ridge,  and 
Sir  Archibald  Geikie  tells  us  that  nowhere  in  Europe  are  the 
lessons  of  denudation  more  eloquently  taught  than  at  the  Faroes. 
I  think  we  may  say  without  fear  of  contradiction  that  this 
eloquence  is  extended  t«  the  coast  of  Iceland,  especially  between 
Dyrafjtird  and  Isafjord. 
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The  north-west  comer  of  Iceland  is  a  peninsula  of  very 
coneiderable  area,  connected  with  the  main  land  by  a  very  narrow 
neck  of  land  some  four  English  miles  in  width,  and  on  this 
portion  of  the  coast  we  see  the  grand  basalt  and  lava  hills  uf 
3,000  feet  in  height,  with  fjords  of  all  siiea  from  the  parent 
Isafjdrd,  with  its  wide  entrance  ten  miles  across  and  which  finds 
its  way  inland  for  40  miles,  to  the  smaller  fjords,  which  again 
have  their  branch  valleys,  each  with  their  stream  and  tributary 
torrents  rushing  down  the  mountain  side,  which  valleys  frequently 
descend  from  a  snow-capped  mountain  or  jokull,  and  that  the 
dividing  hills  between  these  branch  valleys  have  in  their  turn 
to  give  way  to  the  all-powerful  denuding  influences  of  frost  and 
sea,  wind  and  xtorni. 

One  can  easily  understand  from  this  object  lesson  how  those 
peculiar  looking  islands  at  the  Fwroes,  such  as  Naaleo  and 
Kalsti,  were  formed,  and  which  now  appear  as  lung,  narrow 
mountain  ranges  coming  out  of  the  sea.  A  little  more  subsidence 
of  the  land  and  we  should  have  a  very  similar  group  of  islands 
formed  out  of  thi^  North  West  Peninsula  of  Iceland. 

It  may  interest  some  to  hear  that  the  magnetic  needle  is 
so  rauuh  a&ected  off  some  partH  of  the  mainland  that  it  cannot 
be  relied  on  as  a  guide  to  the  navigator. 

The  most  ni>rtherly  point  of  Iceland  is  the  edge  of  a  large 
low-lying  plain  of  pre-glacial  lava  many  square  miles  in  extent. 

2. — The  Cuabactekistic  "Tobsocky"  Condition  of  Labgb 
KUKFACB  Akkas. 
This  feature  of  the  country  is,  owing  to  its  great  peculiarity, 
one  of  the  first  things  to  attract  the  attention  of  the  traveller, 
especially  if  a  long  ride  or  walk  is  made  over  this  rough  surface. 
The  appearance  has  l)een  likened  to  that  of  a  country  churchyard 
without  the  tombstones,  and  if  every  mound  were  cut  into  two 
or  three  tussocks  it  would  certainly  enable  you  to  realise  the 
most  common  feature  in  the  Icelandic  scenery  where  there  is 
any  vegetation  at  all. 
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1  have  only  seen  nne  esplonHtioti  of  thin  peculiarity,  and  thai 
\*  given  by  the  R«v.  H.  J.  JohnBon-Larig,  M.D.,  and  he  giva> 
the  following  r 

(1) 

(2) 
(3) 
(<) 
(») 


Irregular  lichen  covering. 
OrasMes  in  separate  patches. 
Proniiiii-nt  tufts  entrap  more  duat. 
If  soil  is  boggy,  grass  growa  best  on  top  of  buinpa. 
Swarms  of  birds  fertilise,  by  their  droppings  on  the 
tup  of  the  hump. 
T)ic  fint  two  rca.son8,  I  think,  deal  with  efffj'i  rather  than 
c-ftuse,  and  the  last  tlirec  no  doubt  each  give  their  small  quota 
to  the  result.  Home  more  some  leaa,  but  I  cannot  help  thinking 
that  the  i-eal  and  priniai-y  canm  of  the  formation  of  the  tuasockn 
ii  nnmentioned. 

I  have  drawn  a  small  diagram  (Fig.  1)  which  explains  my 
view,  that  the  tussocks  or  humps  are  formed  uiuch  more  by  the 
iilteriiatioii  of  temperature  than  by  anything  else. 

.A 


\ 


Fig.  I. 
Supposing  we  imagine  the  ground  in  its  original  level  condi< 
tion  undrained  and  full  of  moisture.  In  wint«r  the  severe  frust 
comes,  freezing  the  ground  hard  to  a  depth  of  4  or  5  feet,  in 
summer  a  certain  proportion  of  this  frozen  ground  is  thawed, 
with  a  band  of  frozen  ground  left  between  the  thawed  surface 
and  the  unfrozen  soil  below,  which  is  probably  well  charged  with 
moisture.  At  certain  points  it  is  highly  probable  that  the  frozen 
band  will  be  weakened  and  cracked,  and  through  such  holeii  or 
fissures    the    softer    earth    will    be    forced    up,    probably    by    the 
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pressure  of  the  frozea  or  freezmg  maM  above,  and  like  a  moley- 
warp  we  shall  find  the  accumulation  on  the  surface  commencing; 
the  very  fact  of  this  surface  covering  being  present  tends  to 
keep  the  frost  from  any  crack  formed,  thus  preserving  the 
weakness  of  thei«  points  for  further  exudation  of  the  under  soil 
when  the  thaw  sets  in  again. 

We  thus  gradually  get  the  hump  formed  of  fresh  soil,  and 
therefore,  perhaps,  particularly  well  suited  to  support  whatever 
vegetation  there  is,  generally  only  lichen  and  moss,  and  some- 
times rough  grass,  which  in  their  turn  tend  to  increase  the  size 
of  the  tussock. 

We  must  also  remember  that  the  fissures  mentioned  also 
act  as  ducts  for  the  moisture  from  below,  and  help  to  support 
any  vegetation  in  a  dry  time,  when  there  is  no  surface  moisture. 

3. — Tub  Icblandic  Puzzle  or  Stonk  Outlines. 

These  curious  markings  are  the  sole  cause  of  my  promising 
to  read  a  paper  before  this  Society,  owing  to  a  selfish  desire  to 
hear  the  opinions  of  others  en  pressed  thereon.  So  far  as 
I  know,  this  is  one  of  Nature's  curiosities  which  has  not  been 
publicly  noticed  before. 

The  diagram  (pi.  Ixvii.),  so  far  as  the  foreground  is  concerned, 
represents  a  curious  surface  appearance  on  a  plateau  near  Hafna 
Fjiird  in  the  West  of  Iceland,  and  not  far  from  Reykjavik,  the 
capital  city.  I  also  saw  similar  markings  on  a  gentle  slope  at 
Stykkisholm,  some  80  miles  further  north,  but  in  this  case  they 
were  not  so  distinct. 

I  am  sorry  to  say  the  diagram  is  sketched  from  memory, 
my  camera  having  unknown  to  me  been  so  shaken  with 
a  75  mile  ride  on  an  Iceland  pony  that  it  never  spoke  again, 
although  in  my  ignorance  of  the  damage  done  I  took  a  careful 
snap  shot   of   this  place   and   many  others   of  equal   interest. 

I  must  also  add  that  if  any  of  you  go  to  Hafna  Fjord 
you  must  not  expect  to  see  the  background  us  depicted  on  the 
diagram.  I  have  simply  sketched  that  in  to  complete  the  picture, 
and  also  to  give  you  an  idea  of  a  typical   Iceland  scene. 
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Tim  liingrnm  rfpresents  a  plateau,  on  which  we  have  pebblm 
and  boulders  of  lava  and  basalt  embedded  in  soft  brown  earth 
ill  a  curiuu.s  mosaic-like  pattern  as  shown.  The  question  U.i  bo 
answereil  in,  How  came  they  to  be  thus  distributed!  Some 
present  niny  i-eful  the  solution  at  a  glance,  or  perhaps  have 
seen  the  name  thing  elsewhere,  1  think  the  diagram  makes  it 
eaaier  to  solve  the  dilHciiltj'  than  when  looking  at  the  enlarged 

Dr.  Thoniddsen,  who  has  travelled  over  Iceland  more  than 
anyone  else  in  search  of  matterH  of  geological  and  scientist' 
value,  was  much  interested  to  hear  of  these  marking,  which 
he   hwl    never   noticed. 

Iceland  is  subjected  to  aevere  changes  of  climate,  and,  in  my 
opinion,  this  plateau  of  lava-earth  haa  been  thoroughly  wet  and 
turned  to  mud,  wbicli  haa  afterwards  been  baked  and  cracked 
in  a  hot  sun,  like  the  bottom  of  a  dried-up  form  pond  in  a  hot 
lummer,  nr  it  i,s  iiiisiihle  that  the  constituents  of  the  soil  arr' 
such  that  mere  drying  would  cause  the  surface  to  crack  in 
this   way  owing  Ut  contraction. 

The  cracks  might  no  doubt  be  considerably  widened  and 
deepened  by  climatic  changes,  but  be  this  as  it  may,  given  the 
cracks,  it  is  very  easy  to  now  picture  that  in  the  summer, 
when  the  ground  is  baked  hard,  or  in  the  winter  months,  when 
the  ground  is  frozen,  one  of  the  t«rrific  gales  so  well  known 
in  Iceland  arises,  setting  stones  and  boulders  rolling  along  the 
hard  surface  which  fall  into  the  cracks  previously  formed,  and 
fin  up  every  crevice  therein,  the  rest  being  blown  on  to  find 
a  resting-place  elsewhere.  In  summer  we  find  the  soft  earth 
surrounded  by  the  bouldera  which,  in  my  opinion,  mark  out 
the  exact   sites   of   former   cracks   on   the   hard   surface. 
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BY    AKTHUR    SMITH    WOODWARD,    r.L.8.,    P.O.B.,    OP  TUB 

BRITISH    MUSEUU    (NATURAL    HIBTORV). 


Plates  LXVIII.-LXIX. 

Family  Semionotid£   (cimtintmd). 

Dapedius  hicans,  Agasfliz,  MS. 

1844.     D/ijmHitii  micaiui,  L.  AgaxHiz,  Poimi.  Fobs.,  vol.  ii.,  pt.  i., 

p.  304    (iiaTiH.   only). 
Tgpf. :   Specifically  indeterminable   Hcalen ;    British   Museum. 

The  laterally-compressed,  mund-bodied  ganoid  finheH  of  the 
genus  DttjxidiiiH  are  abundant  in  the  Upper  Lias  of  'Wilrt«mberg ; 
but,  so  far  as  the  present  writer  is  aware,  they  are  only  repre- 
sented as  yet  by  iniHittisfactory  fragmentN  among  the  fossils 
from  Whitby.  It  i^  true  that  Agaxsiz  {o}).  nt.,  vol.  ii.,  pt.  i., 
p.  21S)  mentions  "  two  very  beautiful  examples "  of  Dtipediits 
orbxn  from  "  the  Liassic  shalcN  of  Whitby,"  as  having  been 
exhibite<l  by  the  Kev.  M.  Williams  at  the  meeting  of  the 
British  Association  at  Dublin  in  18.1-5.  Thin  species,  however, 
in  a  typically  Lower  Liassic  form,  only  definitely  known  from 
Barrow-<in-Sottr  in  L<'iceMt«rshire ;  and  as  the  specimens  said  to 
have  been  exhibited  at  Dublin  have  not  been  subsequently 
traced  or  noticed,  it  seems  probable  that  there  was  a  mistake 
concerning  their  origin.  The  record  of  Dufn^iun  oi-aHn  from 
Whitby  {Tftrftifonit/ppin  oviiliK,  Agassiz,  o}).  cil.,  vol.  i.,  p.  39) 
is  equally  uncertain  ;  though  an  this  is  an  Upper  Lias  fonn  in 
Wiirtpmberg,  it  is  more  likely  to  occur  than  the  previously- 
mentioned  species. 
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The  only  frugnient  of  Dapedht*  from  Whitby  which  haa 
received  h  distioctivp  specific  name  is  a  portion  of  the  squuna- 
tion  in  the  coUection  of  the  late  Sir  Philip  Egertun  (now  in 
the  Britisli  Muaeuiu,  No.  P.515),  intended  bj  Aga^iz  to  be 
deMcrihed  as  the  type  specimen  of  Dajjediiig  mifuiui.  The  scales 
are  somewlmt  deeper  than  lonj;,  and  apparently  nut  serrated  at 
the  hinder  border.  Their  exposed  fiice  aeemH  to  be  abraded 
in  the  fossil,  but  the  scales  of  the  middle  of  the  flank  arc 
clearly  not  tubereolated.  and  only  marked  by  slight  oblique 
corrugations.  Such  a  specimen  is,  of  L-ourse,  inadequate  for  the 
purpriHes   of  n   specific   diagnosis. 

Family    ItBLoNOBtitNCHiDf. 

liKLONOBHYNCHUB    ACUTUS,    AgBHSiK,    Bp. 

1844.     lirUinotUimut    ncwCun,     L.    Agansiz,    Poiss.    Fosa.,    voL    ii., 

pt.  ii.,  p.  142,  pi.  xlvii.  o.  figs.  3,  4. 
1858.     Behnorhytu-hua  1  acutuf,  H.  G.  Bronn,  Keues  Jahrh.,  p.  12. 
18(6,      Selonoslomwi    acutua,    J.    F.    Blake,    in    Tate    and     Blake, 

Yorkshire   Lias,  p.   269. 
1887.     Belunorhynchua  acutua,  K.  A:  von  Zittel,  Handb.  Palieont., 

1895.     Beloiuirkynehut    aculus,    A.    8.    Woodward,    Catal.    Foss. 

Fishes    B.  M.,  pt.  iii.,  p.  14,  pi.  ii.,  fig.   1. 
Tffpe. :   Imperfect   skull ;    British    Museum. 

In  1844,  Agassiz  described  and  figured  an  imi>erfect  skull 
and  a  fragment  of  jaw  "from  the  Whitby  Lias,"  denoting  a.  fish 
with  a  low  cranium  and  extremely  attenuated  snout.  He 
supposed  at  the  time  that  these  fossils  belonged  to  his  Jurassic 
genus  BelonostomiM,  which  had  a  akuU  of  very  similar  general 
proportions;  hut  as  they  seemed  to  have  the  snout  "more 
slender  than  in  any  other  species,  and  especially  more  graduallv 
tapering  than  that  of  B.  muenateri,"  which  was  the  next  moat 
slender  form,  he  proposed  to  regard  the  Whitby  specimens  as 
representing   a    new   species,    B.  aeultig.      At   the   same    time   he 
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recogniaed  a  nearly  similar  skoll  in  the  Lower  lias  of  Lyme 
Regis,  and  briefly  recorded  it  (torn,  cit.,  pt.  ii.,  p.  143)  under 
the  name  of  B.  anniiiffifK.  In  1858*  Quenstedt  discovered  the 
same  type  of  skull  in  the  Upper  LiaH  of  Wurtemberg ;  and  in 
this  year  also  Bronn  described  and  figured  a  small  fish  from 
the  Triassic  shales  of  Baibl,  in  Carinthia,  which  clearly 
exhibited  a  similar  head  fixed  to  a  trunk  which  was  certainly 
not  that  of  Hehnoittomug.  Bronn  accordingly  gave  the  new 
generic  name  of  BeloiuyrkyiKkiis  to  the  Triaasic  fish,  and 
incidentally  remarked  that  the  so-called  Lia^sic  species  of 
Behnoslomus  would  also  probably  prove  to  be  wrongly  named 
and  belong  to  this  newly  recognised  genus.  Thirty  years 
afterwards  definite  proof  of  the  accuracy  of  Bronn's  prediction 
was  discovered  in  the  Lower  Lias  of  Lyme  Regis ;  t  and  it  is 
now  quite  certain  that  the  Liassic  skulls  in  question  belong 
to  a  fish  resembling  Belonontomug  only  in  outward  shape, 
zoologically  inferior  to  the  latter  in  the  structure  of  the  fins 
and  in  the  absence  of  vertebral  centra,  also  differing  in  the 
absence  of  a  continuous  covering  of  scales.  J  In  BelonorhyitcAnn, 
indeed,  the  trunk  is  only  protected  by  foui'  isolated  longitudinal 
series  of  comparatively  small  scutes,  which  form  a  dorsal  and 
ventral  ridge  and  a  support  for  the  -slime-canal  of  the  "  lateral 
line"  on  each   side. 

Professor  Blake  doubts  the  origin  of  the  type  specimens 
of  B.  aculu«  described  and  figured  by  Agassiz,  owing  to  the 
lack  of  subsequent  confirmatory  discoveries.  He  supposes  them 
to  have  reached  Whitby  from  Lynic  Regis  in  the  ordinary 
course  of  trade,  which  was  once  brisk  between  the  fossil 
dealers  of  Yorkshire  and  Dorsetehire.  These  doubts  are  atill 
further    emphasised    by    the    apparent    specific    identity    of    the 

*  F.   A.  Queiiateiit,  Der  Jura,  p.  234. 

tA.  S.  Woodward,  "Note  on  the  Earl;  Mesomic  Clanoid,  Btlonorkyn- 
chun,"  Ann.  Mag.  Nat.  Hist.  [6],  vol.  i.  {\m»),  pp.  354-356. 

;A.  8.  Woodward,  "The  Fossil  Fishes  of  the  Hawkesbury  Series  at 
Goafoid,"  Men.  Oeol.  S^^^-.  N.  8.  WaleB,  Palieont.  No.  4  (1890),  p.  22 
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(iriginftl  fragments  with  skulls  which  are  common  in  the  Lower 
Liaa  of  Lyme  Regis ;  for  there  is  as  j-et  no  definite  proof  of 
the  range  of  aoy  species  of  fish  from  the  Lower  to  the  Upper 
Lias.  The  type  spefimenK  in  iiuestion,  however,  were  acijuired 
by  the  British  Museum  with  the  collections  of  the  late  Earl  of 
Enniskillen  and  ijir  Philip  Egerton  in  ISS'2.  and  it  is  thus 
possible  now  to  compare  them  carefully  with  ample  materiai. 
Mr.  Etheridge  has  kindly  examined  them  and  made  such  careful 
eoui]Mirisons,  with  the  result  that  he  considers  they  must  be 
regarded   as   true    Whitby  fossils. 

Tiie  imperfect  Upper  Liassic  skull  which  must  thus  be 
reganled  as  the  type  specimen  of  Belonorhyimhiun  acuivjt  is  seen 
in  left  side-view,  as  represented  in  Agassiz'a  figure  (lom.  rt/., 
pi.  xlvii.  a,  fig.  4),  and  exhibits  the  characteristic  backw-anl 
extension  of  the  cranial  roof.  Tlie  orbital  rim  is  much  broken, 
but  the  extremely  attenuated  rostrum  is  indicated  apparently 
throughout  its  entire  Icnfitb,  nnO  there  arc  tracer  of  the 
sbarply-point«d  large  teeth  in  itfi  anterior  portion.  As  preserved, 
the  outer  face  of  the  cranial  roof  is  finely  punctate  and  rugose, 
while  the  ornament  on  the  rostrum  tends  towards  wa\-y 
longitudinal  striations.  Where  the  outer  face  of  the  rostrum 
is  broken  away  towards  its  anterior  end,  an  internal  cavity 
filled   with   calcite   is  exposed. 

The  second  specimen  noticed  and  figured  by  Agassiz 
(pi.  xlvii.  a,  fig.  3)  is  regarded  by  bim  as  a  fragment  of 
a  mandible.  As,  however,  this  fossil  also  exhibits  a  central 
cavity  filled  with  calcite  towards  its  anterior  extremity,  it  is 
probably  another  example  of  the  rostrum.  The  degree  of 
tapering  is  approximately  as  in  the  former  specimen.  Assuming 
this  interpretation  to  be  correct,  the  hinder  half  of  the  fossil 
and  its  anterior  (juarter  exhibit  the  inner  face  of  the  right 
side  of  the  snout,  while  the  intervening  r^on  is  complete  and 
a  portion  of  its  calcite-core  projects  in  front.  There  are  remains 
of  the  characteristic  teeth,  but  their  size  and  state  of  pre- 
servation  are   exaggerated   in   the   original   figure. 
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As  already  mentioned,  complete  heads  with  a  cranium  of 
similar  proportiona  to  that  named  B.  aeuitt*  are  known  from 
the  Lower  Lias;  and,  in  the  abaence  of  all  evidence  that  the 
trunk  differed  in  the  two  forms  to  which  these  heads  belonged, 
it  is  necessary  to  record  them  proWsionally  under  one  and  the 
same  specific  name.  The  head  of  the  Lower  Lias  fish  is  from 
four  and  a  half  to  five  times  as  long  as  its  maximum  depth  ; 
the  distance  between  the  orbit  and  the  occiput  considerably 
exceeds  the  maximum  depth  of  the  mandible,  while  the  angular 
bone  of  the  latter  is  much  truncated  though  gently  rounded 
postero-inferiorly.  Its  superficial  ornamentation  consists  of  short 
rugte,  the   majority  directed   longitudinally. 

BelotwrkyiiekiM  brevirottris,  A.  S.  Woodward. 
1858.     Belono»U>mxi»  aetUms,  F.  A.  Quenstedt  {errore),  Der  Jura, 

p.  234.  pi.  xxix.,  fig.  8. 
1892.     Saunfrhgjichus  fwulim,  0.  M.  Reb,  Geogn.  Jahresh.  1891, 

p.  145  (in  part),  figs.  1-3. 
1895.     Bflnnorhi/tichttn  brfvirostriK,  A.  S.  Woodwani,  Cata.1.  Fosa. 

Fishes  B.  M.,  pt.  iii.,  p.   17,  pi.  ii.,  fig.   2. 
Tyjte :    Head   from    Lower   Lias,    LjTiie   Regis ;    British    Museum. 

The  fine  head  of  Bdomtrhynch  lis  from  the  Upper  Lia-s  of 
Wiirtemberg,  referred  by  Quenstedt  to  li.  aculun,  difiera  con- 
siderably from  the  tj-pical  Whitby  skull  in  it«  gi-eater  depth 
and  shorter  rostrum ;  and  similarly  short  and  deep  skulls  are 
also  known  from  the  Lower  Lias  of  Lyme  Regis,  associated 
with  the  elongated  type  already  described.  These  fossils  are 
therefore  now  regarded  as  repre.senting  a  distinct  species, 
B.    breviroKtrw. 

Only  one  example  of  this  con){>aratively  short  skull  I'laimed 
to  be  a  Wjiitby  fussil,  is  known  to  the  present  writer,  namely, 
an  abraded  specimen  from  Dr.  Bowerlwiiik's  collection  in  the 
British  Museum  (No.  39,153).  An  examination  apparently  of 
this  specimen  caused  Professor  Blake  to  doubt  the  ivcoi-d  of 
its    origin    {op.  cil.,  p.  259) ;     but    the    matrix    in     which    it    is 


pivwrved  seems  to  bear  much  more  resemblance  to  the  Alum 
Shdle  of  Whitbv  thnn  Ut  the  t^naciou'.  dnyn  deposiit  in 
whiih  the  skulls  onlinanlv  onur  *t  L>Tiie  BeRih  The  late 
Mr    William    Daviea    (.riKinal    IntM  I    is   thus   probabl\    c(irTet.t 

Thi'*  specimen  shown  of  thr>  natural  nvte  in  t 
panying  photograph  (fiR  1)  latiiH  the  postenor  extenniori  <rf  the 
eraiiiai  nxif  hut  ii  other-M-w  wtU  (hipla\i-d  in  rijcht  lateral 
Vbjx^t        Its     i,uUi      ■-urfatf      i,     remaikubh      -.iiif-ith     and      thus 


Fit,  1  -BeloHOihywIi" 
lateral  iif.pect  imt 
imnal  optniiig      orl 


/!»    4    S  UooiU      skull  and  ninii(lil>lo   right 
II ;     angular  hone     '/     dciitir*   Imne      na 
[Brit    MuB    No  J91  1  ] 


apparently  nbrwletl  hut  there  still  remain  trails  of  the 
charaetenstic  rugose  and  ]MLitl\  punitate  ornamentation  The 
rnar^n  of  the  orbit  {"rli  )  is  distinct  while  the  obh(|ue  o\ate 
narial  opening,  (ini  )  is  also  recoj^nisable  The  hinder  portion 
of  the  mandible  is  slif,htH  deeper  than  the  cranium  abo\e  it 
and  the  sutural  line  delimiting  the  lelatiielj  larfje  angular 
bone  (at/ )  is  conspicuous  The  large  teeth  are  distinct  but 
mostlj    show  n   imh    in    abraded    section 

The  specimen  just  described  considered  in  connection  with 
others  both  from  the  Lower  Lias  of  Ljme  Regis  and  the 
Upper  Lias  of  Wiirtemberg,  renclers  it  possible  to  append  the 
following    specific    difig>to»u : — Head    from    three    and   a    half   to 
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four  times  as  long  as  its  maximnm  depth ;  distance  between 
the  orbit  and  occiput  scarcely,  if  at  all,  exceeding  the  maximum 
depth  of  the  mandible,  and  the  angular  bone  of  the  latter, 
with  long,  nearly  vertical  hinder  border,  sharply  rounded  off 
inferiorly ;  dentition  powerful,  the  pOBterior  laniaries  widely 
spaced  and  especially  robust ;  superficial  ornament  consisting  of 
short   rugte,  the   majority  directed    longitudinally. 

Family  Ciiondrostbida. 

Gyrostkus  MiRADiLis,  Agasaiz,  MS. 

Plates  IJCVIII.-LXIX. 

1834-44,     Gyrosteun    mimh'din,    L.    Agassiz,  Poiss.   Foss.,   vol.    i., 

p.  19,  and  vol.  ii.,  pt.  ii.,  p.  179  (undefined). 
1865.     Sepia  itteompogita,  M.  Simpson,  Foss.  Yorkshire  Lias,  p.  21. 
1858.     Gyo^MM  mirabUig,  P.  M.  G.  Egerton,  Phil.  Trans.,  p.  8»3. 
1876.  „  „         J.  F.  Blake,  in  Tate  and  Blake,  York- 

shire Lias,  p.  256,  pi.  ii.,  figs.  2,  3. 
1889-90.        „  „         A.   S.   Woodward,   Proc.    Geol.  .\ssoc., 

vol.    xi.,  p.   32,  figs.   2-7 ;    and   The 
Naturalist,  1890,  p.  101,  figs.  1-6. 
1895.  „  „  A.    S.   Woodward,  Catal.   Foai.   Fishes 

B.  M.,  pt.  iii.,  p.  34,  figa.  7,  9,  10,  12- 
14.  IG,  17. 
Typf. :  Various   Uuies ;    British    Museum. 

Wlien  visiting  Whitby  in  1834,  Agassis  observed  "some 
gigantic  fragments  of  a  fish  which  certainly  surpasse<l  in  uize 
all  those  of  which  traces  had  liitherto  been  discovered."  He 
regarded  these  fossils  as  comprising  "the  Ixjnea  of  thp  head, 
among  others  a  frontal  bono  more  than  a  foot  in  length,  and 
some  broken  bmncbial  arches,  with  fragments  of  fins."  He 
noted  the  remarkable  absence  of  teeth  among  the  remains  of 
"  this  ntanne  giant,''  and  propased  to  name  the  fish  Gi/raHleuB 
— doubtless  in  allusion  to  tlie  twist  in  the  characteristic  bone 
which   is   identified    below   as    hyomandibular.      Subsequently    he 
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recorded  the  species,  witiiout  deacription,  under  the  name  of 
Gyronlifiit  fnirahilis,  still  I'egardiiig  it  as  the  largest  known  fish; 
trnd  hii  eventually  cotiaidered  it  to  be  allied  to  his  rather 
heterogeneous  gi^up  of  " C^lacanthes."  In  1858,  Sir  Philip 
Egerton  published  a  memoir  no  the  Btui^fteon-like  fiA\  Chondroutrva 
luixpr-mn-oides,  from  the  I»wer  Litis  of  Lyme  Regis,  and  appended 
a  footnote  expressing  the  opinion  that  "the  gigantic  fossil  flsh 
of  the  Whitby  Liiui,  named  by  Agon^iiz  GifrosteK*  mirahUit, 
belongs  to  the  Sturionidin,  and  is  nearly  allied  to  ChondroHlr^it."  ' 
In  187fi,  Prof.  J.  P.  Blake  published  a  few  notes  on  some  of  tbn  . 
specimen*)  in  the  Yorkshire  muaeums,  but  did  not  attempt  KB 
exhaustive  treatment  uf  the  subjecL  His  "large  hnmerua  ('.)" 
is  evidently  the  hyoinandihular  bone,  while  bis  problematics^ 
"radius  or  uhm"  seemx  to  he  the  ueratohyal.  Hia  "neural* 
arch  of  vertebra"  (up.  rit.,  p,  2fi7)  or  '-spine"  ('but.,  p.  9.,. 
pi.  ii.,  fig.  2)  must  be  regai-ded  an  a  caudal  ridge-acute. 
Between  the  years  1889  and  1H95  the  ptweiit  writer  publinii.^ 
further  details  of  the  osteology  of  Gyroxieitt,  confirming  Egerton's 
suspicion  of  its  close  relationahip  to  Chondrogteus ;  and  a  com- 
plete summary  of  our  knowledge  of  the  fish  up  to  the  latter 
date   is   given   in    the   British    Museum   Catalogue,  pt.  iii. 

According  to  Martin  Simpson,  who  described  one  fragment 
of  bone  in  the  Whitby  Museum  under  the  name  of  Sepia 
incompo»ila,  the  remains  of  Gijrosietui  Tnirahilis  occur  in  the 
compact  bituminous  shale  immediately  above  the  jet  rock, 
which  yields  most  of  the  fishes  of  the  Whitby  Lias.  The  large 
bones  in  colk>ctions  are  usually  isolated  and  imperfect,  frequently 
damaged  by  decaying  pyrites ;  and  no  complete  head  or  any 
segment  of  the  trunk  lias  hitherto  been  excavated  and  preser*-ed. 

The  finest  known  slab  of  Gyroaleun  mirabilie  was  purcliased 
by  the  British  Museum  in  1861.  It  ia  represented  of  one- 
ninth  the  natural  size  in  pi.  Ixviii.,  fig.  1,  and  shows  the 
scattered  group  of  bones  precisely  as  they  were  found,  except 
that  the  separate  fragment  with  the  supraclavicle  {it.cl.) 
originally  formed  a  continuation  of  the  angle  marked  J",  and 
was   removed    for  convenience  of   framing   and   preservation.     To 
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the  extreme  right  above,  the  imperfect  paraaphenoid  (pat.)  hes 
horizontally  with  exposed  inferior  face  and  its  bifurcating 
posterior  end  turned  to  the  left.  Ita  anterior  end  is  seen  to 
be  slightly  expanded,  but  its  middle  portion  is  'obscured  hj  a 
transverse  fracture.  The  hyomandibular  bone  (Am.)  of  each  aide 
is  preserved,  the  one  at  the  extreme  left  above,  slightly  over- 
lapped by  the  clavicle  (cL),  the  other  at  the  left  lower  ungle 
of  the  slab.  Two  slender,  hour-glass-shaped  bones,  about  as  long 
OS  the  hyomandibular,  are  probably  the  pair  of  ceratohyak  (ch.). 
Other  more  imperfect  and  more  slender  rod-shaped  bones  may 
perhaps  represent  the  bronchial  arches.  Various  fragments 
of    plate-like    bones   («)   exhibit   traces    of    coarse    tuberculations 


Fig.  2. — OynwfeiM  lairaliUin,  Ag.,  MS.;  imperfect  parosphenoid.  inferior 
napoct,  caie-fourth  iiat.  size.  [Brit,  Mus.,  No.  P.^262a.]  (Prom  Catal. 
Torn.  Fishes,  KM.) 


Fi£  4 — Oyro  (til  iiiirabili.  Ag  MS  r%1it  hj omandibuUr,  lateral  aspect 
(o)  and  ptwtirnr  aspect  (i)  one  third  nat  size.  [Brit.  Miia.,  Xo. 
P33e6a  ] 
otherx  and  shoms  the  external  tubercles  disposed  more  or  less 
alon^  the  radiating  lines  of  ^rowth  This  bone  also  exhibits 
a.  triangular  area  on  the  nght  which  is  free  from  tubercles  and 
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is  possibljr  an  overlapped  surface.      The   largest   bones   in  the 

group    are    the    left    clavicle    (el.)    shown    in    outer   aspect,  and 

the   left   Bupraclavicle   {».el.)   seen   from  within.      The    lower  end 


Fig.  R.—Oyiw/tH"  miml'iliK,  Ag.,  MS.;  left 
nut.  Biie ;  '.,  anterior  symphj-siiil  extrci 
MuB.,  No.  P.aiW.]     (Fnim  Catal.  Fo« 

of  the  latter  (turned  downwards  in 
a  considerable  rofl-like  extension.  A 
fin-mys  (/)  are  also  ol>«Tvahle  on 
The  best  parasphenoid  hithert 
one-quarter  the  natural  size  in  fin- 
directions,   and    especially    in    front; 


Fig.  6.— Left  maiilla  (mj-.)  nml  palatine  1^.] 
recent  sturgeon  (Ari/ii n^r),  outer  aBp< 
much  raluceii.  (From  C'ntMl.  Fiisa.  Kis 
B,  M.) 

the  lateral  basiptervfjoid  processes  ar 
Numerous   speeinienR   of  the  hyoi 

one   of   the   best  and    largest    in   the 


lln,  outer  nupett,  one-fourth 
J'.,  palatine  process.     [Brit. 
Fisheo  B.  M.) 

tlie  figure)  is  produced  into 
few  remains  apparently  of 
the  rifht  of  the  slab. 
)  discovered  is  shown  of 
2.  It  is  imperfect  in  all 
but  a  conipnrison  of  the 
parts  preserved  with  the 
parasphenoid  of  the 
modern  sturgeon  (fig.  3) 
shows  that  the  two 
I  Mines  are  essentially 
iiltntical.    The  p<)sterior 


"'    bifurcHtion      and      the 
'    pai  r    cjf    carot  id     fora- 
mina   at    the    base    of 
?   distinet. 

mmlibular  are  known,  and 
British    Museum   is   shown 
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of  onMhird  thi^  uatural  size  in  ti^.  i.  Ttie  buoe  i.s  much 
conslrict«rl  somowhiit  above  its  midrfle.  Its  c-Hiajiaratively 
upper  purtion  is  toijipresswl  antenj-jxistDriorlv,  while  its 
t!X[Min(I<il  lower  portion  is  still  more  coraprwsetl  laterally.  It 
thus  rewemhlen  the  lii-onmndihnliir  of  the  mud«m  sturgeon  in 
ahupe,  titily  iliiri'riiiK  fntiii  the  Inttrr  in  thi-  greater  extent  of 
the  oH.iifidilinn    in    iti    Inwpr   expandwl   portion. 


1 

[t    ■ 


Figs.  -  8  -(  y. 

(Bnt  Mu8     No'   F  i2b2c  43304,] 

Of  the  maxilla  only  &  single  example  is  yet  known,  in 
the  collection  of  the  lute  Earl  of  E^uiskillen  (Brit.  Mus., 
No.  P.33560.  It  ia  of  the  left  side  and  an  outer  view  of  it 
is   given   in    the   accompanying   Rg.  5.     It  differs  considerably  in 
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shape  from  that  of  Chondrotteuii,  aod  more  closely  resembles 
that  of  the  modern  xturgeon  (fig.  6).  It  agrees  with  the  latter 
in  its  arched  form,  expanded  anterior  end,  and  a  well-developed 
expansion  (x)  for  articulation  with  the  palatine  element;  but  it 
differs  in  the  relatively  greater  steepness  of  its  anterior  border, 
and  in  the  straightneas,  shortness,  and  posterior  expansion  of  its 
hinder  half. 

The  slender  hour-glass-shaped  bone  already  mentioned  as 
probably  being  ceratohyal  is  about  as  numerous  as  the  hyoman- 
dibular,  and  two  detached  specimens  in  the  Britisli  Museum 
are  shown  in  the  accompanying  figs.  7,  8.  They  appear  to  be 
somewhat  more  slender  than  the  corresponding  element  in 
Ck(mdroiiteu»   and    the   sturgeon. 

One  nodule  from  the  bed  immediately  above  the  jet  rock, 
obtained  from  a  Whitby  dealer  by  the  present  writer  in  1895, 
almost  certainly  exhibits  the  left  opercular  apparatus  from  the 
inner  aspect,  and  is  the  only  known  specimen  displaying  this 
part  of  the  skeleton.  It  is  shown  of  one-third  the  natural 
size  in  pi.  txix.  An  intractable  mans  of  pyrites  unfortunately 
obscures  part  of  the  fossil  from  the  top  of  the  suboperculum 
downwards,  and  there  is  a  crack  across  the  tatter  element  near 
its  lower  end ;  but  the  essential  characters  of  the  bones  are 
observable.  The  operculum  (op.)  is  a  comparatively  small  plate, 
truncated  in  front,  and  rounded  poat^ro  -  superiorly :  it  is 
strengthened  by  two  nearly  vertical  but  slightly  convergent 
ridges,  which  extend  downwards  from  its  point  of  suspension. 
The  suboperculum  {n.o/i.)  is  remarkably  narrow  and  deep,  its 
total  depth  being  about  three  times  as  great  as  the  maximum 
depth  of  the  operculum.  Its  radiating  structural  fibres  cause 
a  slight  fimbriation  of  its  upper,  lower,  and  hinder  borders. 
Beneath  this  plate  follow  seven  branch iostegal  rays  (6r.'')  in 
natural  order,  all  fimbriated  at  the  truncated  hinder  border, 
but  otherwise  smooth  on  the  inner  face.  These  diminish  in 
width  downwards,  so  that  the  lowest  is  thf  most  slender,  but 
the  diminution  is  by  no  means  regular  or  gradual.  If  this 
fossil    be    correctly     inteipreted,    it     is    therefore    evident    that 
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OifTo*Uite  differs  from   the  sturgeon  hut  agrees   with    Chnndroiilfi* 
in   the  presence    of  an   exleiiaive    liranehiost^gal   apparatus. 

The  vertebral  axis  is  practically  unknown,  but  one  fragment 
in    the  British   Muaeum  (No.  P.3356in)  seems  to  exhibit  five   iJ 

tlie     neural    or    hiemal   arfhes    without    their    appended    spines. 


■Fig  10  —Left  cla  le  of  recent 
sturgeon  [Aeipenner),  outer 
aspect,  ranch  reduced. 


Fig.  9.—QyroAaa  taimbSU,  Ag., 
MS.;  left  clavicle,  onter  Mpect. 
one-sixth  nst.  size.  [Brit.  Mua., 
No.  P.335W.] 

These  arches  are  in  regular  aeries,  and  three  of  them  are 
shown  of  one-third  tlie  natural  size  in  pi.  Ixviii.,  fig.  2.  The; 
are  more  expanded  in  their  basal  half  than  the  neurel 
arches  in  Chondroateus,*  and  they  seem  to  have  been  cloeely 
pressed  together,  without  any  int«rcalary  pieces ;  but  the  hard 
matrix  obscures  their  precise  shape.     Above  the  basal  half  they 


*Cf.  Catal.   Fobs.   Fiehea   B.  M.,  pt.  i 


,  fig.  ■*. 


WOODWARD-.  rOSBlL  FISHBB  OF  THE  UPPBR  LIAS  OF  WHITBY.      469 

are    constricted,    then     more     sharply     turned     backwards,    and 
slightly  expanded  at   their   truncated   distal  end. 

The  clavicle  has  been  already  mentioned  in  the  large  group 
(pi.  Ixviii.,  fig.  1,  cL),  but  &  still  finer  specimen  is  represented 
from  the  outer  anpect  in  the  accompanying  fig.  9.  This  bone 
ia  identical  in  shape  with  the  corresponding  element  both  in 
Chondrogleus  and  in  the  sturgeon  (fig.  10).  The  supraclavicle 
haa  also  been  identified  in  the  large  group ;  but  another 
characteristic  example,  wanting  the  inferior  process,  is  perhaps 
more  clearly   represented   from   the   inner  aspect   in   fig,  11. 

As  might  be  expected,  the  fins  are 
very  imperfectly  known.     One  fragment 
in    the   British    Museum    (No.  P.3356n) 
comprises  a  series  of  unjointed  rays,  the 
longest    piece    preserved    being    0'5    ni. 
in  length ;    it    may   have   been   part   uf 
I   the  pectoral,  but   its   exact   po^tition    in 
the    fin-skeleton    cannot    be  determined. 
I   It    clearlj-   foriiie<l   an  anterior   margin, 
I  and  its  rays  gradually  increase  in  length 
I  backwards,    tei'minating    successively   at 
the    border.     The   two   parallel   rods  of 
which   each   ray  is   composed  are   fused 
together     at    the    pointed     distal     end. 
Most  fragments  of  the  fins  of  GifTontetin, 
however,  exhibit  very  closely  articulated 
rays ;   and  a  good   example,  which  pro- 
bably belongs  to  the   tail,  is   shown    in 
fig.   12.     In  this  specimen  the  rays  are 

_,     ,,      „  unjointed  for  a  short  distance  at   their 

Ag.,  JIS.;   right  supra-     inserted     end,     but    they     soon     become 
clavicle,    inner    aspuci,     crossed   by  closely-arranged  sutures,  and 
one-iixthnat.nize.  [Brit.  .,'  .  .         ...        .,_         ,  ., 

Mus.   No  P  3356H  nearer   their   extrennties   they    bifurcate 

once  or  twice.  It  may  l>e  wliied  that 
one  small  fin  in  Mr.  Sanmel  Chadwick's  collection  in  the  Malton 
Museum,  probably  a   pectoral  of   Gifnmtem,  exhibits   the  minute 
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Buperficittl    points    or    granules    of    ganoino    well    known    on    the 
pectoral    fin  of   ChondroiUui. 

No  scales  or  dermal  plates  have  been  observed  among  the 
remains  of  GyroaUtu,  and  the  body  wa^  thus  probably  naked, 
as  in  Ckondro»teuii.  It  ia  indeed  strange  that  no  traces  have 
hitherto    been    found   of  the    lozenge-shaped    scales    which    invest 
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collection  in  the  Malton 
Museum ;  while  a  few 
specimen))  from  a  very 
large  tail  are  to  1)6  iteen 
in  the  York  Museum. 
The  McuteH  aiv  bilaterally 
symmetrical,  flattened,  and 
taper  to  an  acute  apex ; 
they  are  dextitute  of  an 
external  layer  of  enamel, 
and  the  only  traces  of 
ornamentation  are  feeble 
rug»  on  the  exposed  siden. 
The  largeitt  upecimenH  at 
York  meaiiure  about  O'l  2  ni. 
fi-om  tlie  apex  to  the  bi- 
furcation at  the  batte. 
So  far  an  can  be 
J  judged  from  the  foregoing 
t  description,  the  only 
2  definitely  known  character 
I  by  which  (fyro*teug  in 
distinctly  neparated  from 
ChmidroHteiig  in  afforded 
by  the  shape  of  the 
maxilla.  It  in  therefore 
of  interest  to  append 
a  restored  figure  of 
C.  aeipen»eroide»  (fig.  13), 
founded  on  nearly  com- 
plete Hkeletonx  from  the 
Ixwer  iJaH  of  Lyme  Regis. 
On  this  boKiii  it  tteems 
ptBwible  t*i  eMtiiiiate  the 
approximate  length  of  the 
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Oyrott'ua  mirithUim  itidicAtcrt  by  the  known  reniaics.  Thp  largest 
hyomandibular  of  tlie  latter  lueaNureit  0*35  m.  in  length,  wliile  the 
largest  clariule  attainx  0-57  m.  in  tnaximuni  height.  In  Chon- 
dronleiui  the  length  of  the  hyoinandikular  is  contained  about 
16  times,  and  thp  loaxinium  depth  of  the  clavicle  between  8  &nd 
9  times  in  the  total  length  of  the  fiith.  The  largest  individuals 
of  the  Whitby  species  tiius  probably  attained  a  length  of  from 
5   Ui  6   metrea. 

A  nnialler  form  pi-obably  of  Gyronltiun  is  represented  by 
some  small  bones  in  the  British  Museum  from  a  comparatively 
Kuft  stratuiD  at  an  unknown  horiEon  in  the  Wliitby  Lian 
(twxirded  in  Catal.  Fobs.  Fishes  B,  M.,  pt.  iii.,  p.  42). 


KxPLAtlATIOH     OF    PlATES. 

Plate   LXVIir. 
Fig.  Page, 

1,  GyrotUns   mirabUw,    Ag.,    MS. ;    slab    exhibiting   group 

of  bones,  one-ninth  nat.  size.  Ch,,  ceratohyal ;  cl., 
clavicle  ;  «.,  external  bone,  tuberculated  ;  /.,  fin-raya  ; 
hm.,  hyomandibular ;  }>a*.,  paraaphenoid ;  s.c/.,  supra- 
clavicle ;  x,,  undetermined  external  bone,  tubercu- 
lated.    [36185.]  ...  ...  ...  ...     462 

2.  Gyrmtens   mirabilig ;     three    vertebral    arches,  one-third 

nat.  size.     [P.3356m.]    ...  ...  ...  ...     468 

Plate   LXIX. 
1.     Gyrosteus  mirnbUig,  Ag.,  MS. ;   left  opercular  apparatus, 
inner  aspect,  about  one-third  nat.  me.    Br}'',  branchi- 
ostegal    rays ;    op,,   operculum ;    ».op.,    suboperculum. 
[P.7520.]  ...  ...  ...  ...  ...     467 

The  specimens  represented  on  these  plates  are  preserved  in 
the  British  Museum,  and  the  numbers  in  square  brackets  refer 
to   the   Register  of  the    Department  of   Geology. 


3n  /l^einoriam. 

JAMES   aPENGBR. 

Of  the  many  amateur  geologists  whom  Yorkshire  has  pro- 
duced, few  have  done  more  good  work  and  contributed  more  to 
the  sum  of  geological  knowledge  than  Mr.  James  Spencer,  of 
Halifax.  He  was  born  of  humble  parents  at  Luddenden  in 
1834,  and  soon  after  came  to  reside  at  Halifax. 

Being  poor,  his  parents  were  obliged  to  send  him  to  work 
in  Charleetown  Brick  Works  at  on  early  age,  and  his  education 
became  much  neglected.  Hia  facilities  for  obtaining  knowledge 
were  at  a  discount  until  he  joined  the  Working  Men's  College 
at  Haley  Hill,  Halifax,  which  about  this  time  had  been  founded 
by  the  late  Colonel  Akroyd.  Here  he  met  Mr.  J.  W.  Davis, 
Mr.  Halliday,  and  others,  and  was  soon  after  induced  to  join 
the  evening  classes  and  go  in  for  most  of  the  subjects  taught 
at  the  college.  After  some  years  of  diligent  study,  and  by  hia 
indomitable  perseverance,  he  not  only  succeeded  in  obtaining 
a  general  education,  but  successfully  passed  examinations  in 
geology,  chemistry,  history,  geography,  and  languages.  His  rapid 
progress  in  learning  was  noticed  by  Colonel  Akroyd,  who  sub- 
sequently employed  him  in  the  warehouse  of  his  mill,  and  some 
years  after  appointed  him  cashier  at  the  works  in  Haley  Hill. 
This  post  he  held  up  tc  about  ten  years  ago,  when  he  retired. 

When  a  mere  boy,  and  employed  at  the  brickyard,  he 
noticed  the  curious  markings  on  the  shale  which  the  workmen 
dug  from  the  pit,  and  on  learning  that  these  were  called  fossils, 
and  that  they  were  relics  of  extinct  living  things,  young  Spencer 
commenced  to  take  an  interest  in  them.  As  he  grew  up  into 
manhood  his  love  for  geology  becanic  ko  gi'eat  that  be  bought 
what  books  he  could  afibrd  l>earing  on  the  subject  and  carefully 
studied  them.  He  thus  aucceeiled  in  obtaining  a  good,  sound, 
theoretical  knowledge  of  science.  Not  content  with  mere  book- 
learning,  he  at  the  same  time  studied  assiduously  the  rocks  and 
fossils   in  the  Carboniferous  strata  around  Halifax. 
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By  ihe  year  1S51  he  hatl  accumulatwl  sufficient  infonnatiou 
Ui  enable  hiin  U>  begin  an  independent  and  systematic  inveati^ 
gntioii  of  the  Mjllstone  Grits  and  Coal  Measures  of  his  native 
diHtrict,  and  to  make  sectiunfl  of  the  VariouK  exposures  of  tiie 
rovk«.  When  hia  work  in  the  mill  was  over,  Mr.  Spencer  might 
hti  seen  at  his  favourite  pursuit  either  indoons  or  in  the  field,  the 
weather  seeming  to  have  mo  pffet-t  in  dflmpirg  his  ardent  spirit. 

Wet  or  fine,  with  hammer  and  bag.  he  would  start  on  hU 
rambles  each  Saturday  afternoon  and  trudge  for  miles  over  hiU 
and  dale,  studying  the  rocks  and  coUeetinji;  fossils  on  his  way, 
and  would  often  come  home  late  at  night  cold,  hungry,  and  wet, 
carrying  a  heavy  load  of  atones  as  the  results  of  his  toilaonu! 
journey.  His  winter  nights  were  mostly  spent  at  home,  labelling 
and  classifying  his  specimens  of  rocks  and  fossils.  His  holidays 
wen?  mostly  spent  in  excursions  to  other  districts  in  order  to 
study  the  various  geological  formations.  Besides  all  this,  he 
seems  to  have  found  ample  time  to  write  papers  and  read  them 
before  local  and  other  societies,  most  of  them  being  descriptions 
of  his  own  work.  He  also  contributed  articles  on  geological 
subjects  to  monthly  magazines  and  other  periodicals,  notably 
a  twopenny  monthly  paper  entitled  the  Circulator,  which  was 
commenced  in  1866  by  the  Haley  Hill  Literary  and  Scientific 
Society.  The  Circulator,  although  short-lived,  contained  several 
interesting  and  valuable  articles  of  geology  by  Mr.  Jas.  Spencer. 
The  two  first  numbers  contain  an  introduction  to  "Popular 
Geology."  After  this  came  two  papers  on  the  strata  of  Halifax. 
Other  articles  are  on  the  coal  pit«  ai  Low  Moor  and  the 
geology  of  Ingleborough.  We  next  find  Mr.  Spencer  contributing 
papers  to  the  Manchester  Geolc^cal  Society  and  the  Yorkshire 
Naturalist  on  the  stratigraphical  geology  of  the  Millstone  Grits  and 
Coal  Measures  in  and  around  Halifax.  Mr,  Spencer  waa  an  active 
member  of  the  Halifax  Scientific  Society  from  ita  coromencemeDt 
until  his  death,  and  served  as  Vice-President.  He  was  also  for 
many  years  a  member  of  the  Ovenden  Naturalists'  Society  and 
the  Yorkshire  Naturalists'  Union.  At  the  latter  society  he  was 
on  the  General  Committ«e,  also  on  the  Boulder  Committee,  and 
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in    1896  was  elected    Chairman   of   the    Yorkshire    Fwmil    Flora 


The  favourit*  haunts  of  liis  study  of  geology  were  the  coal 
pits  at  Low  Moor  and  tCt  Clifton,  near  Brighouse,  al.'^o  at  Beacon 
Hill  and  in  the  valley  of  Shibden.  High  Green  Wood  and  Horse 
Bridge  Clough,  above  Hebden  Bridge,  were  often  visited  by 
Mr.  Spencer  when  investigating  and  collecting  fosi^ils  from  the 
Yoredale  rocks.  The  number  of  many  happy  houm  he  spent 
here  in  company  with  Mr.  Ashworth,  of  Hebden  Bridge,  the 
late  Captain  Aitkin,  of  Bacup,  and  the  Author,  might  be 
attested,  if  need  be,  by  the  collection  of  fossiln  from  this  locality, 
of  which  he  was  always  proud.  About  1S71  Mr,  Spencer  became 
especially  intere3t«d  in  the  study  of  the  structure  of  fossil  plants 
which  occur  in  nodules  derived  from  the  HaUfax  Hard  Bed 
Coal.  At  first  he  found  this  kind  of  work  very  difficult  to 
perform,  as  he  had  to  break  the  petrified  stems  of  plants  out 
of  the  hard  nodules,  then  chip  thin  pieces  olT  with  a  chisel,  then 
rub  them  down  on  the  sink-stone  until  they  were  so  thin  that 
light  would  shine  through  them.  Then  they  had  to  Ije  polished 
and  mounte<l  on  glass  with  Canada  balsam  before  the  structure 
could  be  seen  to  advantage  with  a  microscope.  By  this  primitive 
and  laborious  method  of  preparing  microscopic  slides  of  fossil 
wood,  Mr.  Spencer  worked  dis!Ldvantage<)usly  for  some  time.  At 
length  he  fortunately  met  with  Mr.  John  Butterworth,  of  Shaw, 
near  Oldham,  who  wai  an  adept  at  this  kinri  of  work,  liavii^ 
been  for  several  years  engaged  in  pi'eparing  and  studying  micro- 
scopic slides  from  the  coal-halls  of  [.ancashire.  This  gentleman 
kindly  and  unhesitatingly  agree<l  U>  show  him  a  mare  scientific 
and  quicker  ntethwl  of  preparing  Ills  slides,  and  he  helped  him 
to  set  up  a  machine  for  cutting  ami  giinding.  He  al^o  gave 
him  instructions  in  the  art  of  polishing,  mounting,  and  preparing 
specimens  for  scientific  use.  Thus  eijuipped,  .Mi'.  Spencer  set  tti 
work  with  a  determination  t<j  do  something  in  the  ci>mparativi'ly 
new  field  of  research,  and  the  success  ho  achieved  in  that 
particular  branch  of  science  may  easily  be  gleaned  from  the 
many  hundreds   of   beautiful   slides  of  Calamites,  Tjepidudendron, 


IN   MRUORUX  :   JAMES  SPSNCER. 

Si^loria,  StigmarU,  Fem  .Spores,  Astromyolon,  Dadoxjlon,  and 
otlier  Coal  Measure  [iltiiitB  to  be  Bttn  in  his  own  t^hiuel,  while 
a  yreiittir  number  huvc  fMucid  their  way  into  both  private  and 
public  williictidiiii. 

.Mr.  Spem-tir  did  not  fonsider  himself  sufficiently  rersed  in 
structural  botany  t^i  he  able  to  scientifically  describe  anytliing 
at  first-hand,  so  that  when  h«  discovered  any  charatter  in 
It  foisKil  plant  at  all  uuconimon,  however  insignificant,  he  aent  it 
to  Professor  Williamson,  F.R.8.,  of  Owens  College,  Manchester, 
who  deHcribed  it  in  his  memoirs  and  alwayji  gave  ample  credit 
to  tlip  finder. 

There  am  be  ng  doubt  that  Mr.  Spencer  did  good  work 
and  was  the  means  whereby  much  was  added  to  oar  knowledge  of 
the  Carboniferous  Flora.  The  greatest  find  made  by  Mr.  Spencer 
was  at  Bradishuw  Pit,  near  Halifax,  about  eight  yearn  ago,  whern 
he  came  across  a  new  speeles  of  club  moss.  This  was  described 
by  Professor  Williamson,  who  named  it  Lepidodendron  Spentxri, 
in  honour  of  the  discoverer.  Mr.  Spencer  contributed  a  series  of 
articles  to  I/ardtvick'a  .S'cieiice  Go»»ip,  which  appeared  from 
March,  1881,  to  July,  1883,  entitled,  "Recreations  in  Fossil 
Botany."  Tliey  were  based  on  hia  general  work  on  the  Car- 
boniferous Flora,  and  were  well  illustrated.  At  the  York 
meeting  of  the  British  Association,  in  1881,  he  read  two  papers. 
He  has  also  reiul  several  papers  before  the  Yorkshire  Geological 
and  Polytechnic  Society,  Mr.  Spencer  studied  the  "  Glacial 
Drift "  in  the  Calder  Valley  and  read  papers  on  this  important 
work.  He  was  for  some  time  curator  of  the  Halifax  Museum. 
He  was  continually  adding  to  his  collection  of  microscopic  slides, 
and  his  love  for  geology  was  so  deep-rooted  that  he  pursued  it 
to  the  end.  His  work  was,  however,  unfortunately  cut  short 
just  at  a  time  when  he  had  contemplated  making  a  great 
improvement  in  cutting  and  grinding  by  adding  a  gas  engine  to 
his  lathe.  Contracting  English  cholera  he  died  at  hia  residence. 
No.  8,  Salisbury  Place,  Akroydon,  after  an  illness  of  only  three 
days,  on  July  9th,  1898,  in  the  sixty-fifth  year  of  hia  age.  He  was 
interi-ed  in  the  cemetery  of  All  Souls,  Akroydon.  R.  Law. 
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A  satisfactory  state  of  a&airs  can  be  recorded  for  the  present 
year  of  the  Society's  work.  Two  General  Meetings  and  Field 
Excursions  have  been  held  as  usual,  but  there  has  been  a  falling 
off  in  the  att«ndance  as  compared  with  the  previous  two  or  three 
years. 

The  first  meeting  of  the  1898  season  was  held  at  Clapham 
on  June  10th  and  11th,  for  the  investigation  of  Ingleborougb, 
Norber,  and  Crummack  Dale.  The  members  met  on  Friday 
morning,  June  10th,  at  Clapham  station,  and  proceeded  by  train 
to  Ingleton.  Then,  under  the  leadership  of  Professor  T. 
McKenny  Hu^tliei,  F.R.S.,  F.G.S.,  of  Cambridge,  they  proceeded 
up  Dale  Beck.  The  large  quarries  in  the  Mountain  Limestone 
at  Skirwith  were  noted,  and  the  included  patch  of  carbonaceous 
shale  was  pointed  out  by  the  leader,  who  also  indicated  the 
positions  of  the  two  faults  wliich  run  across  Ingleton,  one 
bringing  the  Coal  Meanures  of  the  small  Ingleton  Coalfield  against 
the  Mountain  Limestone,  and  the  second  and  parallel  fault 
bringing  down  the  Mountain  Limestone  against  the  Bala  beds. 
On  the  hillside  boulders  of  Silurian  grit  were  seen  resting  on 
the  limestone  beds,  and  were  pointed  out  aa  the  remnants  of 
masses  of  drift,  the  finer  portions  of  which  had  been  carried 
away  by  water.  At  the  Ingleton  granite  quarries  the  party 
were  met  by  Mr.  John  \V.  Tate,  M.E.,  the  manager,  who 
courteously  showed  the  members  over  the  quarries  and  described 
the  formation.  This  "granite"  of  commerce  is  much  used  for 
road  metal,  and  is  a  tough,  strong-grained  rock  of  aqueous 
formation,  the  materials  being  in  all  probability  derived  from  an 
adjacent  volcanic  district,  and  roughly  assorted  under  water 
before  consolidation.  It  includes  beds  of  finer  or  slaty  material, 
which  are  of  no  commercial  value.  Then  a  vigorous  push  was 
made  for  Ingleborougb,  the  path  up  Ravenscar  being  taken.  At 
the  top  of  Ravenscar  a  short  halt  was  called  for  lunch,  and   to 
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exMiniiii^  the  interesting  uUnts  or  b»re  linieNtone  lat>1e«  which  art! 
no  ehnroctei i«tic  a  fenture  of  this  district.  Tlien  the  Professor 
pointcid  out  the  succewtiun  uf  YoretiuJe  Hiuestoneii  and  sandstonew 
which  make  up  the  iniiiii  of  the  higher  part  nf  Ingleborough, 
sunmiunt^'d  by  tho  X'ppcr  Scar  Liiucstone,  nrer  which  comes  Ihn 
Mp  of  Milhtono  Orit  which  forms  the  summit.  After  the  snoimit 
had  been  reached  the  loader  pointed  out  tlie  e\-ideiices  of  the 
aiiuietit  encuiTijiiiiciit,  which  cunsiated  of  millstone  grit  flagf 
aet  oil  enri,  iigainot  which  Hmaller  hlocks  hod  becti  heit.{ied  up. 
Itefrcshment  having  been  obtained  at  an  excellent  spring:  *t  the 
base  of  tlie  Millstone  ttrit,  the  downward  journey,  on  the  east 
side,  wiM  utilised  for  the  examination  of  the  limestone,  containing 
Prodtu-la  ffigntitrn  var.  laiiasima,  und  an  attempt  watt  made  t^ 
discover  whether  there  was  any  specific  difference  between  this 
variety  and  the  normal  form  found  at  a  lower  level.  After  a 
slkorl  sojourn  at  Gaping  Gill  Hole,  the  return  journey  wait  taken 
by  Trowgill  to  Claphjim. 

After  dinner  at  the  New  Hotel,  Clapham,  the  genei-al  ineetinj; 
was  liekl  under  the  presidency  of  Professor  Hughes.  After  the 
reading  of  the  minutes,  the  following  new  members  were  elected:— 
Messrs.  Chas.  T.  Whitmell  (Leeds),  Hyma-s  (Ripon),  Edgar  D. 
Wellburn  (Sowerby  Bridge),  W,  Robinson  (Sedburgh),  W.  Stewart 
(Wakefield),  and  J.  \V.  Tate  (Ingleton),  Professor  Hughes  then 
delivered  an  address  on  the  geology  of  the  district,  which 
he  characterised  as  one  of  the  most  interesting  in  England. 
As  one  stood  on  the  top  of  Ingleborough  you  could  see  the 
relics  of  one  of  the  great  ancient  sea-plains.  Dotted  all  round 
were  hills  of  2,000  ft.  or  thereabouts,  the  height  of  which  was 
not  determined  by  the  hard  capping  band  of  Millstone  Grit,  for 
on  the  Howgill  Fells  the  same  general  level  was  maintained, 
and  right  on  to  the  Lake  District.  There  you  came  on  to  a 
sudden  uplift  tji  3,000  feet,  the  relics  of  a  much  older  sea- 
plain.  Also  at  the  base  of  the  Carboniferous  Limestone  all  over 
the  district  there  lay  Cambrian  and  Silurian  beds,  which,  though 
folded  and  uplift^!,  were  cut  off  clearly  to  form  a  plain  on  which 
the  Mountain  Limestone  liad  been  deposited.     These   plains  were 
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called  plains  of  marine  denudation,  but  he  preferred  to  call  them 
plains  of  marine  arrestation,  the  main  work  being  done  by  rain, 
rivers,  and  frost,  whilst  the  sea  determined  the  level  beyond 
which  this  action  could  not  go,  and  plained  away  the  final  slice. 
Professor  Hughes  alluded  to  the  contrast  between  the  stretches 
of  bare  rock  in  some  places,  where  the  waves  had  been  able  to 
scour  freely,  and  the  pockets  of  conglomerate,  where  hollows  had 
been  ready  to  receive  the  debris.  These  pockets  formed  the  base- 
ment beds  of  the  Carbonifenjus  so  well  seen  in  this  district. 

Attention  was  called  by  the  Chairman,  and  also  by  Mr. 
P.  F.  Kendall  (Leeds),  to  the  interesting  glacial  phenomena  of 
the  neighbourhood  and  to  the  great  systems  of  faults. 

A  paper  on  "The  Millstone  Grit  and  Yoredales  of  the  Calder 
Valley"  was  read  by  Mr.  James  Spencer  (Halifax).  Mr.  Spencer 
adduced  evidence  to  show  that  there  was  no  real  paljeontological 
break  between  the  lower  Yoredale  l)eds  and  the  Coal  Measures, 
and  described  the  arrangement  of  the  strata  along  the  course  of 
the  Calder  from  Halifax  across  the  Pennine  anticlinal. 

A  short  paper  on  "  Some  Fish  Remains  found  in  the  Yorkshii*e 
Millstone  Grits"  was  read  by  Mr.  Edgar  D.  Well  burn  (Sower  by 
Bridge).  The  specimens  of  Acanthodes  Wardi  described  consisted 
of  the  pectoral  fin  spine  from  Boulderclough,  found  by  Mr.  Thomas 
Saltenstall,  of  Sowerby,  and  others  found  by  Mr.  P.  F.  Kendall, 
at  Eccup.  The  second  sp(»cies  described  was  Acrolepis  Jlopkinsi 
which  had  been  found  in  black  shale  about  the  centre  of  the 
Middle  Millstone  Grit  at  Eccup. 

The  second  day's  excursion  consisted  of  an  examination  of 
Norber  Brow  and  Crummack  Dale.  The  route  taken  was  along 
Thwaite  Lane  and  up  Norber  Brow,  in  order  to  investigate  the 
height  to  which  the  Silurian  boulders  have  been  carried  by  the 
ice  which  passed  down  Crummack  Dale.  Many  Silurian  grit 
boulders  were  found  Ivinjjf  round  the  base  of  Norber  in  a  lon«( 
trail,  which  was  probably  a  moraine  of  the  glacier.  From  this 
point  the  boulders  were  traced  across  the  bare  limestone  clints, 
and  were  found  in  great  profusion  on  the  lower  ridges  of 
Norber,  lying  in  two  or  three  parallel  lines,  which  were  evidently 


480  SECBETARv'g    REPORT. 

Inicrnl  moraines,  hut  dwinclliiig  in  numbers  as  the  limestone  hill 
wan  asceiidetl.  A  careful  search  was  made  over  the  upper  scars 
of  Nurber,  with  the  ™w  i>i  aacertainiag  the  highest  point  tii 
which  one  of  the  Silurian  lioulders  hnd  been  lifted  by  the  ice. 
One  was  found  near  the  flagstaff,  the  height  being  estimated, 
by  aneroid  observations,  an  1,260  feet  abuve  O.D.  Many  others 
were  found  scattered  about  at  a  slightly  lower  level.  On  the 
lfiw<-r  acarti  many  of  these  boulilcrs  are  beautifully  perched  on 
limi^stonn  pedoHtals,  about  IS  inchcH  in  lieight.  These  boulders 
have  protected  the  liiueatone  on  which  they  rest  froni  the  eroding 
aclion  of  the  Hubut^rial  denuding  agencies,  and  the  height  of  the 
pmleHtnl  is  a  measure  of  the  time  since  the  boulder  wsm  left  on 
the  bare  scar  by  the  ice.  Under  some  of  these  perched 
boulders  the  limestone  was  found  to  be  beautifully  grooved  and 
Ktriat^,  the  groovings  passing  across  the  joints,  and  aSiecttng 
tlie  fossilH  on  the  surface  and  pointing  directly  up  the  daia. 
One  of  the  heaviest  boulders  had  fallen  over  and  lay  on  a  crushed 
mass  of  limestone,  showing  that  its  weight  had  become  too  much 
for  the  gradually  weakened  pedestal  to  bear,  and  it  had  given 
way.  Several  of  the  most  interesting  blocks  were  photographed. 
The  party  then  descended  into  Crummack  Dale  and  examined 
the  outcrop  of  the  Austwick  Grits,  from  which  the  Norber 
boulders  ha<l  been  derived.  These  grits  form  a  ridge  striking 
across  Crummack  Dale,  which  is  part  of  the  Silurian  sea-plain 
on  which  the  Mountain  Limestone  beds  were  laid  down.  Where 
hard  grits  existed  this  sea-plain  was  left  in  prominent  ridges, 
whereas,  where  beds  of  shale  or  softer  sandstones  existed,  inter- 
mediate hollows  were  left,  and  thus  the  base  of  the  ^fountain 
Limestone  assumes  an  undulating  form.  The  boulders  increase 
rapidly  in  numbera  as  the  outcrop  of  the  Austwick  Grits  is 
approached.  They  were  evidently  masses  torn  off  (he  grit  beds 
on  the  dale  side  by  the  advancing  ice,  and  are  the  result  of  its 
final  efforts.  Careful  observations  were  taken  of  the  highest  point 
reached  by  the  "live"  rock,  and  this  proved  to  be  1,210  feet 
above  O.D.  This  showed  that  there  had  been  a  minimum  uplift 
in  the  case  of   the  highest  boulders  found,  of   50    feet  above  tht 
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bed  rock.  This  effectually  disposed  of  a  recently  made  assertion 
that  the  Norber  boulders  had  not  been  lifted  by  the  Crummack 
glacier. 

The  party  continued  up  Crummack  Dale  to  Beck  Head,  where 
a  good  supply  of  ice-cold  water  comes  out  of  two  small  cave 
openings.  Here  an  interesting  double  unconformity  was  examined. 
The  Bala  beds  upturned  are  overlaid  by  a  Silurian  conglomerate, 
and  over  these  uncomfortable  strata  the  Mountain  Limestone 
comes  in  horizontal  sheets.  The  exposure  of  Moughton  Whet- 
stones under  the  shoulder  of  Moughton  was  examined,  and  then, 
after  a  photographic  group  had  been  taken  by  Mr.  Godfrey 
Bingley,  a  return  was  made  to  Wharfe,  near  which  the  zone  of 
Phctcops  elegatis,  and  the  underlying  conglomerate  at  the  base  of 
the  Silurian  were  examined.  A  rapid  walk  brought  the  party 
back  to  Clapham,  where  they  dined  together,  and  then  separated 
with  congratulations  on  two  excellent  days'  work. 

The  second  general  meeting  was  held  on  Friday,  July  15th, 
at  Malton,  and  was  associated  with  a  two-days*  field  excursion 
over  the  country  between  Malton  and  the  Wolds. 

On  Friday,  July  15th,  the  party  travelled  to  Burdale  Station, 
where  they  were  met  by  the  Rev.  E.  Maule  Cole,  M.A.,  the 
leader,  and  Mr.  J.  R.  Mortimer.  Just  outside  Burdale  Station 
the  position  of  the  Red  Chalk  was  pointed  out,  showing  that 
the  chalk  had  been  cut  through  to  its  base.  Fairy  Dale  was 
ascended,  and  the  interesting  Fairy  Stones  which  stand  at  its 
head  were  examine<i.  These  are  composed  of  a  breccia  of  chalk 
and  flints  firmly  cemented  together,  and  the  leader  pointcnl  out 
evidence  that  a  similar  rock  extends  for  some  distance  in  a 
straight  line,  and  explained  the  peculiar  conditions  observed  as 
due  to  a  fissure  in  the  chalk  which  had  l^een  filled  in  bv  flints 
and  chalk  fragments  and  then  consolidated  by  the  deposition  of 
a  firm  calcareous  cement.  The  route  thence  was  over  the  tunnel 
top  above  Raistliorpe,  to  see  some  curious  hollows  in  the  chalk, 
which  may  have  been  caused  by  earth  movements  analogous 
to  landslips,  as  they  lie  fairly  parallel  to  the  adjacent  valley. 
Back   Dale  was   then   gained   and   the   series   of   landslips    along 
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iU  8i<Je»  itnted.  It  lia'l  iK-en  intendeil  lo  cliral.)  iho  lull  sbom 
Thixeudale  fur  n  vitw  «f  Water  Dale,  whiuli  is  a  most  imprM- 
sivu  exiiiiiple  «f  tlic  iiiteri\iting  Wold  scenerv,  bul  tltp  heal  of 
tilt*  Hay  niiH  a  paucity  of  time  neceSBitated  the  omi:ssion  at  that 
detour.  A  movo  v/a»  made  for  jVldro,  and  the  famous  tumuli 
and  eiilreiidimeiitH  which  have  made  this  locality  famous  were 
examined.  AfWr  Imicheiin  and  a  welWMne  rest  the  party  proceeded 
to  Id-ttveiiing,  enjoying  a  splendid  view  over  tlie  Vale  of  York  and 
noting  the  various  interesting  features  of  tlie  western  escarpment 
of  the  Seootidary  beds.  Having  left  the  edjje  of  the  Chalk  Wolds, 
thf?  party  made  a  cross-euuntry  traverse  Ihnmj^h  iileasantly-varied 
•furassic  scenery  to  Kirkham  Abbey,  where  the  5.43  train  wa» 
taken  to  Malton.  The  members  dined  together  at  the  Talbot 
Hotel,  and,  after  dinner,  the  general  meeting  was  held  under  the 
presidimcy  of  Sir  Charles  W.  Strieklanil,  Bart.  The  Cbairinan 
^vu  a  genial  addreas  on  the  geological  features  iif  the  neigh- 
bourhood. He  referred  Ui  many  of  the  pita  in  the  Coralline 
Oolite  which  were  formerly  worked,  but  had  been  closed  for 
many  years,  and  to  their  interesting  fossil  contents.  Referrinii! 
to  the  many  separated  knolls  of  the  limestone  along  the  outcrop 
of  the  Coralline  Oolite  be<ls,  he  said  tliat  he  did  not  con.sider 
this  separation  as  mainly  due  to  denudation,  but  that  thei^e  were 
separated  coral  islets  originally. 

A  paper  on  "  The  so-called  British  Habitations  on  Danby 
Noith  Moor,"  by  Mr.  J.  R.  Mortimer,  was  read  by  the  Rev.  E. 
Maule  Cole,  .M.A.,  and  fol!owe<l  by  a  vigorous  discussion.  Short 
papers  were  also  read  by  the  Rev.  E.  Maule  Cole,  on  "  The 
Distribution  of  Moorland^  in  the  East  of  Yorkshire,  as  explained 
by  the  Glacial  History  of  the  County,"  and  on  "  Brunanburh." 
Some  of  the  points  raised  were  referred  to  by  the  members 
present,  and  the  Rev.  E.  Maule  Cole  replied. 

A  vote  of  i-espectful  condolence  with  the  family  of  the  late 
3Ir.  James  Spencer,  of  Halifax,  who  died  suddenly  from  an  attack 
of  En^'lisb  cholera,  on  July  9tli,  1898,  was  passed.  Mr.  Spencer's 
careful  and  industrious  labours,  especially  in  the  investigation  of 
the  fossil  plants  of  the  Halifax  Coal  Measures,  were  referred  to  bv 
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several  of  the  members,  and  feeling  aUusions  were  made  to  the 
loss  which  Yorkshire  geology  has  sustained  by  his  decease. 

The  second  day's  excursion,  on  Saturday,  July  16th,  was- 
devoted  to  fossil  hunting  in  the  rich  coralline  beds  of  Settrington 
and  North  Grimston.  Numbers  of  fine  corals  and  other  charac- 
teristic fossils  were  obtained,  and  the  day  was  completed  by  a 
visit  to  the  Chalk  Quarries  at  Ludwith.  Before  the  members 
separated,  a  hearty  vote  of  thanks  was  given  to  the  Rev.  E.. 
Maule  Cole,  M.A.,  for  his  genial  and  instructive  leadership. 

The  Council  much  regret  to  have  to  report  the  decease  since 
our  last  annual  meeting,  of  three  members;  Mr.  Stephen 
Seal,  F.G.S.,  of  the  Darfield  Quarries,  who  joined  the  Society  in 
1869,  the  Rev.  J.  Stanley  Tute,  B.A.,  Vicar  of  Markington,  who- 
since  1875  has  been  a  valued  investigator  of  Yorkshire  geology^ 
and  who  has  contributed  several  valuable  papers  to  our  Proceeding^,, 
and  Mr.  Edward  Brooke,  F.G.S.,  of  Huddersfield. 

The  position  of  Local  Secretary  for  Huddersfield,  which  has 
been  vacant  since  the  lamented  death  of  Mr.  Joseph  Field,  has 
now  been  filled  by  the  acceptance  of  the  office  by  Mr.  Samuel  Jury. 

Our  Proceedings,  Vol.  XIII.,  Part  3,  was  issued  during  the 
summer,  and  contained,  in  addition  to  several  valuable  papers, 
a  series  of  excellent  views  of  Filey  Bay  and  Brigg,  reproduced 
from  the  negatives  of  Mr.  Godfrey  Bingley,  to  whom  the  best 
thanks  of  the  Council  are  due.  It  is  hoped  that  Part  4,  which 
will  complete  Vol.  XIII.,  will  be  published  and  issued  to  the 
members  in  the  spring  of  1899. 

With  regard  to  next  year's  general  meetings  and  excursions, 
the  Council  suggest  that  the  following  centres  should  be  chosen: — 
Middlesbrough  with  excursions  in  Cleveland,  and  Upper  Calderdale 
with  headquarters  at  Todmorden,  or  the  district  round  Clitheroe. 

The  Council  desire  to  acknowledge  with  best  thanks,  the 
receipt  of  a  parcel  of  books  and  pamphlets  for  the  library  from 
Mr.  William  Whitaker,  P.G.S.,  F.R.S.  As  usual  our  Proceedings 
have  been  forwarded  to  leading  scientific  societies  in  all  parts  of 
the  world,  and  exchanges  of  their  publications  in  return  have 
been  received  from  the  following  societies : — 
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Royal  Gaoiogiiiil  Soeioty  of  Comwktl,  Panuiio*. 

tloyal  liutitulioD  of  Cornwall,  Truro. 

Roynl  Physical  Society  ot  Edinburgh. 

KuyiLl  tiuograpliii-'iiil  Siwivty,  Loiulon. 

Roynl  Dublin  Society. 

Britiih  Awoointinn,  Ltindon. 

<i(iolngi<:«l  Society  of  Lonilon. 

Bristul  NaCuniliflts'  .SociMy. 

Cambridge  Pbilosophical  Society, 

EttBx  NaturaUals-  Field  Club. 

Ltwdx  Geological  Association. 

Liverpool  Geological  Society. 

Manclmler  Geological  Society. 

MftDchester  Geographical  Society. 

ManL'heateT  Literary  and  Pblloaophioal  Societv. 

Edinburgh  Oeologicol  Society. 

(taologiala'  Association,  London. 

Glacialista'  Association,  Leeds. 

Hortfardshire  Natural  History  Society. 

Yorkehirf  Pliilopopliiyfll  S'xnrty. 
Comit^  Ueologique  de  la  Russie,  St.  Petersburg. 
Sociedad  Cientifica  "Antonio  Akate,"  Mexico  City. 
Royal  University  Library.  Upsala. 
Royal  University  of  Norway,  Christiania. 

L'Academie  Royale  des  Sciences  et  des  Lettres  da  Danemark,  Copen- 
hagen. 
L'Acadimie  Royale  Su^doise  des  Sciences,  Stockholm, 
MuBcu  Nacional  do  Rio  de  Janeiro. 
Academy  of  Natural  Sciences,  Philadelphia,  U.S.A. 
American  Pliiloaophical  Society,  Philadelphia,  U.S.A. 
American  Museum  of  N.itural  History,  New  York, 
Boston  Society  of  Natural  History,  U,S,A. 
Elisha  Mitchell  Scientific  Society,  North  Carolina, 
New  York  Academy  ot  Sciences. 
Smithsonian  Institution,  Washington. 
United  States  Geological  Survey,  Washington. 
Museum  of  Comparative  Zoology  at  Harvard  College. 
Kansas  University,  Lawrence,  Kansas. 
Department  of  Mines,  Sydney,  N,S,W. 
Australian  Institute  of  Mining  Engineers,  Melbourne, 
Nova  Scotian  Institute  of  Science,  Halifax, 

W.  LOWEB  Cartbb. 
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RECORDS    oy    HEETINGS. 


Council  Meeling,   Philosgphicul  HalJ.  Leeds,  Dec.  16th,   1897. 

Chairman: — Mr.  Richard  Reynolds,  F.C.y. 

Present: — Me-ssrB.  G,  Bingley,  F.  W.  Branson,  J.  E.  Bedford, 
H.  Crowther,  J.  J.  Wilkinson,  J.  H.  Howartli,  P.  F.  Kendall,  and 
W.  L.  Carter  (Hon.  Sec,). 

The  minutes  of  tfie  previous  Council  Meeting  were  read  and 
confirm  eil. 

I^ettcrs  of  regret  for  non-attendance  were  read  from  Messrs. 
W.  Gregson,  W,  Simpson,  and  \V,  Casli. 

Printing  of  Proceedings. — In  accordance  with  the  resolution 

of    tlie    Council    the    Secretary    presented    estimates    from    three 

Le«(Is  firms  for  tlie  printing  of  the  Proceedings.     It  was  resolved 

that  tlie  lowest  tender,  that  of  Messrs.  Chorley  it  Pickersgill,  he 

^Accepted.     Carried  unanimously. 

The  question  of  the  plates  to  illustrate  the  Proceeding% 
Vol.  XIII.,  Part  3,  was  then  considered.  The  Sub-Committee 
appointed  to  consider  the  issue  of  a  series  of  photogr&phs 
reportetl  that  they  had  decided  to  recommend  that  eight 
photographs  of  Filey  Bay,  Filey  Brigg,  and  Carr  Naze  should 
form  the  series  for  the  next  issue. 

The  report  was  unanimously  adopted. 

Council  Meeting,  Philosophical  Hall,  Leeds,  April  21st,  189?. 

Chairman  :— Mr.  Richard  Reynolds,  F.C.S. 

Present :— Messrs.  C.  W.  Fennell,  G.  Bingley,  F.  F.  Walton, 
H.  Crowther,  J.  J.  Wilkinson,  and  W.  L.  Carter  {Hon.  Sec). 

Letters  of  regret  for  non-attendance  were  read  from  Messrs. 
P.  F.  Kendall  and  J.  H.  Howarth. 

The  minutes  of  the  previous  Council  Meeting  were  re&d  and 
confirmed. 

The  Secretary  presented  a  report  of  the  state  of  the  printing 
of  the  Proceedings,  Vol.  XIII.,  Part  3,  and  exhibited  prYX)&  of 
the  plates  already  produced. 
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The  Secretary  reported  that  he  had  forwarded  a  letter  of 
condolence  to  the  widow  and  family  of  the  late  Rev.  J.  Stanley 
Tate,  B.A.,  of  Markington,  an  old  member  of  our  Society  and 
a  valued  investigator  of  Yorkshire  geology.  This  action  was 
approved  by  the  Council. 

Excursions.  —  The  Secretary  reported  that  the  districts 
suggested  for  visitation  by  the  Society  this  year  were  Clapham 
and  the  Wolds. 

After  some  discussion  it  was  resolved  that  General  Meetings 
and  Field  Excursions  should  be  held  at: — 

(1.)  Clapham,  for  Ingleborough  and  Crummack  Dale,  on  June 

10th  and  11th,  Professor  T,  McKenny  Hughes,  F.R.S., 

to  be  invited  as  leader. 
(2.)  Malton,   for  the   Wolds,   on  July   15th    and    16th,   the 

Rev.  E.  Maule  Cole,  F.G.S.,  to  be  the  leader. 
(3.)  That  an  effort  be  made  to  hold  the  Annual  Meeting  at 

Pontefract,  coupled  with  a  visit  to  Fryston  Hall. 

Appointments. — The  Hon.  Secretary  reported  that  he  had 
asked  Mr.  Samuel  Jury  to  undertake  the  position  of  Local  Secretary 
for  the  Huddersfield  district,  and  that  Mr.  Jury  had  expressed 
his  willingness  to  fill  the  vacant  post.  This  appointment  was 
confirmed. 

The  Rev.  W.  Lower  Carter,  M.A.,  F.G.S.,  was  elected  by 
ballot  Representative  Governor  of  the  Yorkshire  College;  Mr.  Wm. 
Cash,  F.G.S.,  was  appointed  delegate  to  the  meeting  of  the  British 
Association  at  Bristol. 

The  letter  of  the  Sanitary  Institute  asking  for  the  appoint- 
ment of  two  delegates  to  their  meeting  at  Birmingham,  in 
September,  was  read,  and  the  nomination  of  delegates  was  left 
in  the  hands  of  the  Hon.  Secretary. 

It  was  resolved  that  a  copy  of  Bibliographia  Geologica,  I 
(1898),  by  M.  Mourlon,  Director  of  the  Service  G^logique  of 
Belgium  (5  fr.)  should  be  purchased  for  the  library. 

The  following  account  was  passed  for  payment: — Morgan  and 
Kidd,  for  plates,  £8  IGs.  4d. 
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Gtnmvl  Matting  attd  Field  Exeurgion  at  Claplia 
and  lltb,  1S98. 

On  Friday,  June  10th,  the  members  met  at  Clapham  Station 
and  proceeded  by  train  to  Ingleton.  The  party,  led  by  Professor 
T.  McKenny  Hughe^j,  F.R.8.,  went  up  Dale  Beck,  stopping  to 
notice  the  Skirwith  limestone  quarry,  and  the  blocks  of  Silurian 
grit  8catt«red  over  the  hillside.  Two  op  three  fine  sections  of 
the  JQDction  of  the  Carboniferous  Limestone  with  the  Bala  beds 
were  noticed  by  the  roadside,  and  a  visit  was  paid  to  the  Ingleton 
granite  quarry.  Here  the  party  was  met  by  Mr.  Jno.  W.  Tate, 
the  manager,  who  courteously  showed  the  various  features  of  the 
workings.  A  rapid  ascent  was  then  mode  to  Ravenscar,  and  a 
halt  was  called  for  lunch  on  the  limestone  clintft.  The  leader 
pointed  out  the  various  l>e(ls  which  cropped  out  on  the  face  of 
Ingleborough,  and  the  ascent  was  tlien  made.  On  the  summit, 
the  evidences  of  its  enclosure  as  a  camp  were  pointed  out.  On 
the  downward  journey  the  Upper  Scar  Limestone  under  Simonaide 
was  examined,  and  a  visit  was  paid  to  Gaping  Ghyll  Hole. 
Thence  th^  party  returned  to  Clapham  by  way  of  Trowgill, 

The  general  meeting  was  held  after  dinner  at  the  New  Hotel. 
Clapham,  under  the  presidency  of  Professor  T.  McKenny  Hughes, 
M.A.,  F.R.S.,  F.G.S.,  of  Cambridge.     Present,  21. 

The  minutes  of  the  annual  meeting  were  read  and  confirmed. 
The  following  new  members  were  elected  :^ 

Edgar  D.  Wellburn,  L.R.aP.,  Sowerby  Bridge. 
William  Robinson,  Sedbergh. 
William  Stewart,  Wakefield. 
Jno.  W.  Tate,  M.E.,  Ingleton. 
Charles  T.  Whitmell,  M.A.,  Leeds. 
Mr.  Hymas,  Ripon. 
An   address   on    the   Geology    of    Clapham  and   district    was 
delivered  by  the  Chairman. 

A  paper  was  read  by  Mr.  James  Spencer  on  "The  Yoredale 
■    and  Millstone  Grit  Rocks  of  the  Upper  Calder  Valley,  and  their 
Fossils." 
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A  paper  was  read  by  Mr.  Edgar  D.  Wellburn,  L.R.C.P.,  on 
"Some  Fish  Remains  found  in  the  Yorkshire  Millstone  Grits." 

A  short  discussion  followed. 

A  hearty  vote  of  thanks  was  passed  to  Professor  Hughes 
and  to  the  readers  of  the  papers. 

June  11th. — The  party,  under  Professor  Hughes's  guidance, 
ascended  Norber  Brow  and  investigated  the  height  to  which  the 
Silurian  boulders  had  been  elevated  by  the  ice.  The  trail  of 
boulders  was  followed  up  to  the  outcrop  of  the  Austwick  Grits 
in  Crummack  Dale,  and  the  height  of  the  highest  exposure  was 
noted.  This  showed  a  minimum  rise  of  50  feet  for  the  highest 
boulder  observed.  Crummack  Dale  was  then  ascended  to  Beck 
Head,  and  an  interesting  double  unconformity  of  the  Bala 
beds,  Silurian  conglomerate,  and  Mountain  Limestone  was  ex- 
amined. A  move  was  then  made  to  the  north-east  corner  of  the 
dale  to  obtain  specimens  of  the  Moughton  Whetstones.  On 
the  return  journey  a  brief  halt  was  made  at  Wharfe  to  examine 
the  zone  of  Phacops  elegaiia  and  the  underlying  Silurian  con- 
glomerate. After  dinner  at  the  New  Hotel  the  party  separated 
with  mutual  congratulations  on  two  very  interesting  days'  work. 


Greneral  Meeiitig  and  Field  Excursion  at  Mai  ton,  July  15  th 
and   16th,  1898. 

The  party  met  the  Rev.  E.  Maule  Cole,  M.A.,  F.G.S.,  the 
leader,  at  Burdale  Station.  The  position  of  the  Red  Chalk  near 
the  bottom  of  the  dale  was  pointed  out,  and  the  Fairy  Stones 
visited.  Thence  the  party  walked  to  Back  Dale,  and  noted  the 
landslips  along  the  dale  side.  At  Aldro  a  halt  was  called  for 
lunch,  and  the  noted  entrenchments  were  examined.  During  the 
descent  to  Leavening  the  leader  pointed  out  the  interesting 
scenic  features  caused  by  the  outcrop  of  succcvssive  members  of 
the  Oolites  along  the  escarpment  of  the  Wolds.  A  cross-country 
tramp  brought  the  party  to  Kirkhara  Abbey  Station,  where  the 
train  was   taken   to  Mai  ton. 

The  general  meeting  was  held  at  the  Talbot  Hotel,  Mai  ton, 
under  the  presidency  of  Sir  Charles  Strickland,  Bart.     Present  16. 
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The  minutes  of  the  previoun  General  Meeting  were  read  and 
coiilirnied. 

The  following  new  member  was  elected : — H.  MainwarinK 
Holt,  M.R.C.S.,  Medical   Officer  of  Health,  Malton. 

An  address  was  given  hy  Sir  Charles  Strickland,  Bart.,  on 
the  Coralline  Oolit*  of  the  neighbourhood  of  Malton. 

A  paper  on  "The  So-called  British  Habitations  on  Danby 
North  Moor,"  by  Mr.  J.  R.  Mortimer,  was  read  by  the  Rev.  E 
Maule  Cole,  M.A.,  P.O.a. 

Papers  on  "The  Distribution  of  Moorlands  in  the  East  of 
Yorksliire,  as  explained  by  the  Olaeial  Histury  of  the  County," 
and  on  "  Brunanburh,"  were  read  by  the  Rev.  E.  Maule  Coie. 

Various  poiuts  in  the  papers  were  diseussed  by  Messrs.  Hawell, 
Carter,  Slater,  Robinson,  Slather,  and  Holt.  The  Rev.  R  Maule 
Cole  replied. 

A  vote  of  respectful  condolence  with  the  family  of  the  late 
Mr.  JaniM  Sjiom-er,  -f  Halifax,  deit-imed  July  9th,  189N,  was  passed. 
Mr.  Spencer's  careful  and  industrious  labours,  especially  in  the 
investigation  of  the  Halifax  Cool  Measures,  were  alluded  to  by 
several  of  the  members. 

A  vote  of  thanks  to  the  Chairman,  the  Leader,  and  the 
Readers  of  Papers,  was  passed  unanimously. 

On  July  16th  the  party  visited  the  quarriee  of  CoraJline 
Oolite,  at  Settrington  and  North  Grimston,  under  the  guidance 
of  the  Rev.  E.  Maule  Cole. 

Council  Meeting,  Fhiloeophical  Hall,  Leeds,  September  29th, 
1898. 

Chairman  : — Mr,  Godfrey  Bingley. 

Present: — Messrs.  J.  T.  Atkinson,  W.  Cash,  H.  Crowther, 
J.  J.  Wilkinson,  P.  F.  Kendall,  F.  W.  Branson,  J.  E.  BedfonI, 
and  W.  L.  Carter  (Hon.  Sec.). 

The  minutes  of  the  previous  Council  Meeting  were  read  and 
confirmed. 
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Letters  of  regret  for  non-attendance  were  read  from  Messrs. 
W.  Simpson,  C.  E.  Fennell,  and  J.  H.  Howarth. 

Annual  Meeting. — A  letter  was  read  from  Lord  Ripon  with 
reference  to  the  annual  meeting.  A  letter  was  read  from  Ix>rd 
Crewe  regretting  that  he  could  not  fix  a  date  earlier  than  the 
end  of  October  for  a  visit  to  Fryston,  but,  in  case  that  would  be 
convenient)  offering  the  members  his  hospitality. 

After  some  discussion  it  was  felt  that  this  date  would  be 
rather  late  for  a  meeting  at  Pontefract,  and  it  was  resolved  to  ask 
Lord  Crewe  for  permission  to  hold  over  his  invitation  for  another 
year. 

It  was  resolved  that  the  annual  meeting  be  held  at  Leeds. 
November  17th  was  suggested  as  a  suitable  date.  The  Secretary 
read  an  abstract  of  the  report,  which  was  approved. 

Officers  and  Council. — A  letter  was  read  from  Mr.  Arnold 
Lupton,  F.G.S.,  resigning  his  seat  on  the  Council  on  account  of 
removal  from  Leeds. 

The  list  of  Officers  and  Council  was  submitted,  and  it  was 
decided  to  nominate  Mr.  Edgar  D.  Wellburn,  L.R.C.P.,  of  Sowerby 
Bridge,  for  the  vacant  seat  on  the  Council,  and  Mr.  William 
Whitaker,  P.G.S.,  F.ll.S.,as  an  Honorary  Member  of  the  Society. 

The  Hon.  Secretary  was  instructed  to  prepare  a  nomination 
paper  for  the  annual  meeting,  as  was  done  last  year. 

Grassington  Finds.  A  report  was  received  from  ]VIr.  A. 
Dodgson  of  the  unsatisfactory  state  of  the  "Finds,"  at  Grassington, 
belonging  to  the  Society. 

Mr.  J.  J.  Wilkinson  reported  that  the  three  trustees  appointed 
by  the  Society  (Messrs.  J.  H.  VAdy,  F.G.S.,  E.  T.  Hartley,  :M.A., 
and  J.  J.  Wilkinson),  had  done  their  lx»st  to  arrange  for  the 
amalgamation  of  Mr.  I^iley  Harker's  collection  with  that  of  this 
Society,  hut  owing  to  local  difficulties  that  had  bet»n  found,  up 
to  the  present,  impracticable.  They  felt  that  their  position  was 
very  unsatisfactory,  and  tendered  their  resignations. 

After  some  discussion  it  was  resolved  that  the  Secretary 
arrange  with  some  competent  person  to  pack  up  the  specimens  and 
have  them  conveyed  to  Leeds  for  exhibition  at  the  annual  meeting. 
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riie  followinj;  accounts  were  passed  for  payment: — 

£  s. 

ChorLey  &  Pickei-Bgill — PrtMeedings       ...      33  12 

J.  Green— Drawing  Plates         11     0 

Mintem  Bros. — Lithographing...  ...        6  10 

F.  Carler^Circulars  and  Stationery    ...        i  14 


£55  16     0 


Next  Year's  Meetings. — A  letter  was  read  from  Rev.  J. 
Hawell.  M.A.,  F.G.S.,  suggesting  that  a  meeting  should  be  held 
in  the  Cleveland  District.     Tliis  suggestion  was  adopted. 

For  the  other  genera.1  meeting  and  field  excursion  an 
examination  of  Upper  Calderdale  was  suggested. 

ProoeedingB,  Vol.  XTII.,  Part  i. — A  list  of  papers  ready 
fur  publication  was  given  by  the  Hon.  Secretary. 

Mr.  G.  Bingley  reported  that  he  had  not  yet  been  able  to 
coinplete  his  photographs  of  the  coast  north  of  Filev  Brigfj. 
but  hoped  to  be  able  to  do  so  during  the  next  summer.  It 
was,  therefore,  agreed  that  views  should  be  issued  to  illustrate 
Mr.  Kendall's  paper  on  the  Wharfe  and  Nidd,  or  the  excursion 
to  CUphttin. 

Annual  General  Meeting,  Philosophical  Hall,  Leeds,  Nov.  17th, 
1898. 

In  the  absence  of  the  President  the  chair  was  taken  by 
Arthur  Smith  Woodward,  Esq.,  F.G.S.,  F.L.S. 

The  Hon.  Secretary  read  a  letter  from  Lord  Ripon  regretting 
his  inability  to  be  present  and  preside. 

The  Hon.  Secretary  read  the  report  for  1898,  and  the 
Treasurer  presented  the  financial  statement,  which  were  unani- 
mously adopted. 

The  following  new  members  were  elected. 
John  Nevin,  J.P.,  IJttlemoor,  Mirfield. 
William  Story,  Fewston,  near  Otley. 
Robert  Law,  F.G.S.,  Hipperholme. 
George  W.  Haldane,  Wakefield. 
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On  the  recommendation  of  the  Conncil,  WUliam  Whitaker, 

P.G.8.,  F,E,S.,  was  elected  an  Honorary  Member  of  the  Society. 

The  following  Officers  Euid  Members  of  Council  were  elected 

on  the  proposition   of  Mr.  C.  T.  Whitmell,  M.A.,  seconded  by 

Mr.  J.  W.  Sutcliffe:— 

President: 
The  Marquis  of  Ripon,  K.G. 
Vice-Preeidente: 
Earl  Fitzwilliam,  K.G. 
Earl  of  Wharncliffe. 
Earl  of  Crewe. 
Viscount  Halifax. 
H.  Clifton  Sorby,  LLP.,  F.R.S. 
Walter  Morrison,  M.P. 
W.  T.  W.  S.  Stanhope,  J.P. 
James  Booth,  J.P.,  F.G.S. 
F.  H.  Bowman,  D.Sc,  F.R.S.E. 
Richard  Reynolds,  F.C.S. 
W.  H.  Hudleston,  F.R.S. 
J.  Ray  Eddy,  F.G.S. 
David  Forayth,  D.Sc,  M.A. 
Treasurer: 
William  Cash,  F.G.S. 
Hon.  Secretary: 
William  Lower  Carter,  M.A.,  F.G.S. 
Council : 
J.  T.  Atkinson,  F.G.S.  G.  H.  Parke,  F.L.S.,  F.G.S. 

J.  E.  Bedford,  F.G.S.  R.  Reynolds,  F.C.S. 

Godfrey  Bingley.  W.  Rowley,  P.G.S. 

F.  W.  Branson,  F.I.C.  J.  Stubbina,  F.G.S. 

J.  H.  Howarth,  F.G.S.  F.  F.  Walton,  F.G.S. 

P.  F.  Kendall,  F.G.S.  E.  D.  Wellburn,  L.R.C.P. 

IjocuI  Secretaries: 
Barnsley— T.  W.  H.  Mitchell. 
Bradford— J.  K  Wilson. 
Driffield— Rev.  E.  M.  Cole,  M.A.,  F.G.S. 
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Halifax— W.  BimpsoD,  F.G.S. 

Harrogftt*^ Robert  Peach. 

HiKlderetield — Samuel  July. 

Hull— John  W.  Slather.  V.Q.H. 

Irfjeds— H.  Crowther,  F.R.M.S. 

Middlesbrough— Rev.  J.  Hawell,  M.A.,  F.G.H. 

Skipton— J.  J.  Wilkinson, 

Thirsk- W.  GregBOn,  F.G.S. 

Wttkufiel.!— C.  W.  FennL-lI,  F.G.S. 

Wensleydftle— W.  Home,  F.G.S. 
The  following  pajicrM  were  read  and  discussod  :^ 
"Some  Notes  on  YorkRhire  Caves"  {continued),  by  Mr.  S.  W. 

CuTTRisa,  illustrated  by  Lantern  Slides. 
"Notes    on    some    Physical    Features    in    Iceland,"    by    Mr. 

CnAKLEs  W.  Fesnrli,,  F.G.S. 
"On   Extra-morainic  I^Jcea  and  River-coarsen  in  Yorkshire," 
by    Mr.   P.  F.  Kf-ndall,  F.G.8.,  illustrated   by    T^ntem 

"  On   the  recent  Pi'e-historic  Finds  in  the  neighbourhood  of 

Todmorden,"  by  Mr.  Robekt  L.^k,  F.G.S. 
"On    Boulderlike   Stones   in   a    I.«eds   Cutting,"   by    Mr.  B. 

HoLOATE,  F.G.S. 
"On   the    Fish    Fauna  of  the    Lower  Coal   Measures  of  the 
Halifax  and  Littleborough  Diatricts,"  by  Mr,  Edrar  D. 
Wellbukn,  L.R.C.P. 
"On    the    Fossil    Fishes    of    the    Upper    Liaa    of    Whitby, 
Part  IV.,"  by  Mr.  Arthur   Smith  Woodward,  F,L.S., 
FG.S. 
A  series  of  lantern  slides  illustrative  of  the  1898  excursions 
was  exhibited  by  Mr.   Godfrey  Bingley  and    the  Rev.  W.  Lower 
Carter,  M.A. 

The  following  resolution  was  proposed  by  Mr.  Richard 
Reynolds,  F.C.S.,  seconded  by  Professor  L.  C.  Miall,  F.R.S.,  and 
carried  unanimously; — "That  the  best  thanks  of  the  Society  be 
given  to  the  President,  Treasurer,  and  Honorary  Secretary  for 
their  conduct  of  the  affairs  of  the  Society  during  the  past  year." 


RECORDS   OF   NBETIXOB.  49fi 

The  following  resolution  was  proposed  by  the  Rev.  C.  T. 
Pratt,  U.A.,  seconded  by  Mr.  J.  E.  Wilson,  and  carried  unani- 
mously:— "That  the  best  thanks  of  this  Society  be  given  to  the 
Chairman  for  presiding,  to  the  Leeds  Literary  and  Philosophical 
Society  for  the  use  of  their  library,  to  the  Headers  of  Papers 
and  Leaders  of  Excursions,  and  to  Messrs.  Reynolds  <t  Branson 
for  the  lantern." 

The  members  dined  together  at  the  Queen's  Hotel,  under 
the  presidency  of  Mr.  Arthur  Smith  Woodward,  F.L.S.,  F.G.S. 

After  dinner,  by  invitation  of  the  Leeds  Geological  Society, 
the  members  attended  the  meeting  of  that  Society  at  the  Letnls 
Institnte,  Cookridga  Street,  and  listened  to  an  interesting  lecture 
by  Mr.  Percy  F.  Kendall,  F.G.S.,  on  "Geology  at  the  British 
Association." 

In  connection  with  the  annual  meeting  the  following  field 
excuraionu  were  arranged  : — 

On  November  17th,  a  party  was  led  by  Mr.  B.  Holgate, 
F.G.S.,  to  view  sonic  interesting  concretions  in  the  Coal  Measures 
in  the  Midland  Railway  cutting  at  Huaslet. 

On  November  mth,  a  smalt  party  was  met  at  Churwell 
Station  by  Mr.  L.  Trench,  engineer,  Ixindon  and  North-Western 
Railway,  and  conducte<)  by  him  over  the  new  line  between  Famley 
and  Birstall.  A  hearty  vote  of  tlianks  was  passed  to  Mr.  Trench 
for  his  courtesy  and  kind  leadership. 
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1883^ 
1875 

1809 


1879' 
1899 

1875 
1878 


1875-' 
1899 


^Abbott,  R.  T.  G.,  Whitley  House,  Malton. 
Atkinson,  J.  T.,  F.G.S.,  HayeBthorpe,  Holgate  Hill,  York. 
^AcKROYD,  W.,  F.I.C,  Borough  Analyst,  Halifax. 
Annis,    Ernest   G.,   L.R.C.P.,  Medical    Officer   of    Health, 

Huddersfield. 
Abbey  &  Hanson,  Surveyors,  Huddersfield. 
'Bartholomew,  C.  W.,  Blakesley  Hall,  near  Towcaster. 
Bean,  J,  A.,  South  Parade,  Wakefield. 
Bedford,  James,  Woodhouse  CHffe,  Leeds. 
Bedford,  J.  E.,  F.G.S.,  Arncliffe,  Shire  Oak  Road,  Headingley, 

Leeds. 
Bingley,  Godfrey,  Thorniehurst,    Shaw   Lane,    Headingley, 

^BooTii,  James,  J.P.,  F.G.S.,  Spring  Hall,  Halifax. 
BooLD,  Chas.  H,,  5,  Wrangthom  Place.  Hyde  Park,  Leeds. 
Bowman,    F.    H.,  D.Sc.,    F.R.A.S.,  F.C.S.,  F-G-S.,    Mayfield, 
Knutsford,  Cheshire. 
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1896  Bradley,  F.  L.,  Bel  Air,  Alderle;  Edge,  Cheshire. 
1894  Branson,  F.  W.,  FJ.C.,  U,  Commercial  Street,  Leeds. 
1875*Bhigo,  Johk,  M.P.,  F.G.S.,  Keighley. 
16T5*BBia08,  Arthur,  J. P.,  Cragg  Boyd,  Rawdon,  Leeds. 

1897  Broughton,  J.  W,,  Architect,  Skipton. 

187?  Brooke,  Sir  Thos.,  Bart.,  J.F.,  Armitt^e  Bridge,  Hudders- 

field. 
1887  Brownridoe,  C,  C.E.,  F.G.S.,  26,  Korth  Road,  Devonshire 

Park,  Birkenhead. 
1882*Bdckley,  George,  jun.,  Waterhouse  Street,  Halifax. 

1896  Burrell,  B.A.,  F.I.C.,  F.C.S.,  5,  Mount  Preston,  Leeds. 
1892*Cartkr,  W.  Lower,  M.A.,  F.G.S.,  Hopton,  Mirfield. 
1876*Ca9H,  W.,  F.G.S.,  33,  Commercial  Street,  Halifax. 

1 891  *Ch AMBERS,  J.  C,  7,  Cardigan  Road,  Headingley,  Leeds. 
1875*Charle8»orth,  J.  B.,  J. P.,  Hurts  Hall,  Saxmundham. 

1892  CniLD,  Hy.  Slwle,  F.G.S.,  Mining  Engineer,  Wakefield. 
1877*Clark,  J.  E.,  B.A.,  B.Sc,  112,  Wool  Exchange,  London,  E.C. 

1878  Cole,  Rev.  K  Macle,  M.A.,  F.G.S.,  Wetwang  Vicarage,  near 

York. 
1889  Crewe,  Earl  of,  Fryston  Hall,  Pontofract. 

1897  Crofts,  William  Hastings,  60,  Freehold  Street,  Hull. 
1899  Crosslev,  Abraham,  62,  Wellington  Road,  Todmorden. 
1894  Ckowtheb,  Henry,  F.H.M.S.,  The  Museum,  Leeds. 

1899  Dalzell,  A.  E.,  3,  Wesley  Court,  Crossley  Street,  Halifax. 
1879*Dakyns,  J.  R.,  M.A.,  of  H.M.  Geological  Survey,  28,  Jermyn 

Street,  London,  W. 
1883  Dalton,  Thos.,  65,  Albion  Street,  Leeds. 
1894*Dayis,  James  Percy  A.,  Chevinedge,  Halifax. 

1879  Dewhurst,  J.  B.,  Aireville,  Skipton. 

1886*Dobin80N,  Launcelot,  Park  View,  Stanley,  near  Wakefield. 
1891  DoDSWOBTH,  Sir  Matthew,  Bart,  Sunningdale,  Bournemouth. 
1887*DuNCAN,  Surr  W.,  Horsforth  Hall,  Horsforth,  near  Leeds. 
1896  DwEHRTHocsK,    Arthur     R.,    F.G.S.,    5,    Oakfield    Terrace, 

Headingiey,  Leeds. 
1879  Eddy,  J.  Rat,  F.G.S.,  Carleton  Orange,  Skipton. 
1894  Embleton  Henry  C,  Central  Bank  Chambers,  Leeds. 
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1S95  Fahbaii. 

John,    F.R.Met.8.,    Jefferies    Coat*.    York     Koad. 

Harrugftte. 

1K87- 

'Fennkli,, 

CiiAS.  W.,  F.G.8.,  82.  Westgate.  Wakefield. 

1IH39 

FiTZ  WILLI  AM,  Earl,  K.O.,  Wentworth  Woodhouse.  near  Rother- 

ham. 

_ 

IHSS- 

'FLKami, 

FHA.VCI9,  Elm  Grove,  Halifax.                                    H 

ljt93  Forsyth. 

David,  D.Sc.  JJ.A.,  2,  Liftoa  Pla«-,  Leeds.          H 

1H94 

Fox,  C. 

E.,  P.A.S.I.,  21  George  .Street,  Halifoji.                   H 

189P 

'FURNKSS, 

Bir  Christopher,  Bmntford,  West  Hartlopool.     ^M 

1S90 

1«75 

GiscoiGNK,  Col.    F.  C.  T.,  Parlington    Park.  Aberford,  new 

Leeds. 

1881 

*Oaukroi! 

KB,  W.,  J.P.,  Fernside,  Halifax. 

Glradow 

,  F.,  38,  Udbroke  Grove,  London,  W.                    ^H 

18T5  Gbeavbs, 

J.  O.,  69.  Weatgate,  WakeBeld.                               ^M 

1832 

GRKr.80N, 

W..  F.G.S.,  Baldershy,  S.O.,  Yorkshire.                   " 

1S98 

Halbasb 

,  Oeoroe  W.,  M-E.,  Ol.l  Corn  Exchange,  WakefieR 

1843  Halifax,  Viacount,  Hickleton  Hall,  Doncaster. 

1878  Hallilay,  J,,  28,  Burley  Road,  T«eds. 

1895  Harkek,  Alfred,  M.A.,  F.G.8.,  St,  John's  College,  Cambridge. 

1895  Hartley,    Edward    Tomso.v,    M.A.,    The    Grammar    School, 

Skipton. 
1887  Hastings,  Geoffrey.  15,  Oak  Lane.  Bradford. 
1887  Hawell,     Rev.    Jno.,     M.A.,     F.G.S.,    Ingleby     Greenhow, 

Middlesbrough. 

1896  HAWESwoRxn,  Edwin,  Kursery  Mount,  Hunslet,  Leeds. 
1875  HoLOATE,  Benj.,  F.G.S.,  4,  Montpelier  Terrace,  Headingley. 

1898  Holt,  H.  Mainwarino,  M.R.C.S.,  Norton,  Malton. 

1881  Horse,  Wm.,  F.G.S.,  Leyburn. 

1890*HOWARTH,  J.  H.,  F.G.S.,  Spring  Mount,  Heatoii,   Bradford. 

1882»Hudle9T0S,   W.    H..  F.R.S.,  F.G.S.,    8,    Stanhope    Gardens, 

South  Kensington.  S.W. 
1895*Imbeby,  John.  Hyde  Park  Road,  Halifax. 
1887»JosE8,  J.  E.,  Solicitor,  Hahfax. 

1897  JowETT,  Albert,  B.Sc,  7,  Grimthorpe  Terrace,  Headingley, 
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1885  Jury,  Samuel,  Eleanor  Street,  Fartown,  Huddersfield. 

1688*Eebr,  K.  Moftat,  Solicitor,  Halifax. 

1892  Kendall,   Peect  F.,  F.G.S.,  5,  Woodland  Terrace,  Chapel- 

Allerton,  Leeds. 
1897  KiTsoN,  R.  H.,  F.G.S.,  Elmet  Hall,  Leeds. 
189?  IiAMBERT,  Abraham,  25,  Oreat  George  Street,  Harrogate. 
1877*Lampluoh,  G.  W.,  F.O.S.,  of  H.M.  Qeol.  Survey,  28,  Jermyn 

Street,  London,  W. 
1894  Law,  Arthub  W.,  Qreetland,  Halifax. 
1698  Law,  Robert,  F.G.S.,  Fennyroyd  Hall,  Hipperholme. 
1897  LoFTHOcsE,  J.  H.,  42,  Mayfield  Grove,  Harrogate. 
1877»LuPTON,  Arnold,  F.G.8.,  M.Inst.  C.E.,  Shirebrook  Colliery, 

Limited,  near  Manstield. 
1897  Marsh,  Henry  Carpenter,  Hurtswood,  Roundhay,  Leeds. 
1897  Martin,  Edwin,  The  Ravine,  Filey. 
1891*Ma8HAM,  Lord,  Swinton  Castle,  Bedale. 
1853  McLandsborouoh,  J.,  F.G.S.,  F.R.A.S.,  5,  Lindam  Terrace, 

Manningham,  Bradford. 

1896  Manson,    Richard   Taylor,   F.Q.S.,   L.R.C.P.,   Derneholin, 

Darlington. 

1897  MiLLWABD,  Adam,  5,  Cambridge  Crescent,  Harrogate. 
1883  Mitchell,  T.  Carter,  F.S.A.,  Topcliffe,  Thirsk. 
1889  Mitchell,  T.  W.  H.,  Barnsley. 

1896  MoRETON,    Henry    James,    Ivy    Cottage,    Outwood,    near 

Wakefield. 
1879*Morriik>n.  Walter,  M.F.,  Malham  Tarn,  Settle. 
1878  Mortimer,  J.  B.,  DrifiBeld. 
1691  Morton,  J.  H.,  Rroad  Street,  Halifax. 

1894  MuFr,  Hebbbbt  B.,  Aston  Mount,  Heaton,  Bradford. 

1895  MdLLER,  Harry,  12,  West  Chislehnrtit  Park,  Eltham,  Kent. 
1875*Myer8-Beswick,  W.  B.,   14,  Victoria  Street,  Westminster, 

London,  S.W. 

1898  Nevin,  John,  J.P.,  F.G.S.,  Littlemoor,  Mirfield. 
18S9*NiCHOLaoN,  M.,  J.P.,  Middleton  Hall,  near  Leeds. 
1894  Norton,  A,  E.,  Park  Place,  Parkinson  Lane,  Halifax. 

1899  Oliver,  Hugh,  Solicitor,  Brighouse. 
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lS99*OsMBaoD,  William,  Scaitcliffe  Hall,  Todmorden. 
1875*Paiikb,  G.  H.,  F.G.S.,  F.L.S.,  St.  John's  Villus,  Wakel 
181*3  Patchktt,  Geokge,  jun..  Upper  Shaw  Hill,  Hulifnx. 
1893*Pawbon,  a.  H.,  F.L.S..  Lawns  House,  Farnley,  heeti' 
1S83  pBACii,  HoiiRKT,  Jamee  Street,  Harrogate, 
181H   Pbarson.  John  T.,  The  Hall,  Melnifrliv.  8.O.,  Yorkshire. 
lSi)7  Pratt,    Rev.    Chas.    T.,    M.A.,    Cawthorim    Vicai^'e, 

Barnsley. 
1839»RAMaDES,  Sir  J.  "W.,  Bart.,  Byram  Hall,  nr.  Pontefract. 
1864  Rkysolds,  Richakd,  F.C.8.,  Cliffe  Lodge,  Leeds. 
I  !<0-1*Rhodes,  Job!4,  Bnydale  HhU,  Pontefroct. 
1856*RiPON,  The  Mai-quis  of,   K.G.,  F-R.S.,   Ac,  Studley  Royal, 

1898  Robinson,  William,  Gr«nbank,  Sedbergh,  R.8,0. 
18C9»RowLKY,  Waltek,  F.G.8.,  20,  Park  Row,  Leods. 
1875*Ryder,  Cuarlbs,  Westfield,  Chapeltown,  Leeds. 
1882  l^carboraugh  Philasophieal  Society,  The  Museum,  Scarborough. 

1897  Sheppard,  Thomas,  78,  Sherbum  Street,  Hull. 
1892'SiMPaoN,  W.,  F.G.S.,  The  Gables,  Halifax. 
1885  Slater,  E.,  Ashville,  Farsiey,  near  Leeds. 
1887  Slater,  M.  B.,  84,  Newbiggin,  Malton. 

1899  Slater,  A.  C,  B.Sc,  Jeamond  House,  West  Parade,  Pudsey. 
1879  Slingsby,  W,  C,  Carleton,  near  Skipton. 

1876»Shith,  F.,  The  Grange,  Lightclifie. 

1851  SoRBY,  H.  C.,  D.C.L.,  F.R.S.,  F.G.S.,  Broomfield,   Sheffield. 

1875  Stashopk,  W.  T.  W.  S.,  J.P.,  Cannon  Hall,  Bamsley. 

1881*Stan8FELD,  A.  W.,  Skipton. 

1890  Statheb,  J.  W.,  F.G.S.,  16,  Louis  Street,  Hull. 

1894  Steaks,  John,  Westholme,  Heasle,  Yorkshire. 

1 898 *8tk WART,  William,  Milnthorp  House,  Wakefield. 

1885*Stockdale,  T.,  Spring  Lea,  Leeds. 

1898  Story,  William,  Fewston,  near  Otley. 

1878  Strangways,  C.  Fox,  F.G.S.,  Abbotsbury  House,  New  W»lk, 

Leicester. 
1879*Strickland,  Sir  Charles  W.,  Bart.,  Hildenly,  Malton. 
1894  SuTCLiPFE,  J.  W.,  27,  West  View,  Halifax. 
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1888  Stkbs,  Sir  Tatton,  Bart.,  Sledmere  House,  near  York. 

1898  Tatb,  Jno.  W.,  M.E.,  Ingleton,  Kirkbj  Lonadala 
18d7*TBAL,  Joseph,  Orange  Terrace,  Yeadon,  near  Leeds. 
1894  Tbtlet,  Ed.  H.,  B.A.,  Foxhills,  Woetwood,  Leedn. 
1880  Tbtlet,  C.  F.,  M.A.,  Spring  Road,  Headingley,  Leeds. 
1886  Thompbon,  R.,  Drincote,  The  Mount,  York. 

18d4  Thobnton,  Abtrur,  M.A.,  Tlie  Grammar  School,  Bradford. 
1875TiDDEMAif,  R.  H.,  M.A.,  F.G.S.,  of  H.M.  Geological  Survey. 
28,  Jermyn  Street,  London,  W. 

1897  TiKDALL,  George  Fawcett,  York  Road,  Tadcaster. 
1899*TuRTON,  Robert  B.,  Kildale  Hall,  Grosmont,  Yorks.,  R.S.O. 
1884»WalsislE¥,    A.    T.,    C.E.,    F.S.I.,   F.K.C.,   5,    Westminster 

Chambers,  Victoria  Street,  London. 

1899  Waubaw,  TnOMAs,  Lincoln  Street,  Wakefield. 

189i  Walton,  F.  Fielder,  F.G.S.,  L.R.C.P.,  19,  Charlotte  Street, 

Hull. 
187S»Wa»d,  J.  Whiteley.  J.P.,  F.R.M.S.,  South  Royd,  Halifax. 
1839*WuARJiCLiFFE,  Earl  of,  Wortley  Hall,  Mhelfield. 

1898  Wellburs,    Eduar    D.,    L.R.C.P.,    F.G.8.,    Beech    House, 

Sowerby  Bridge. 

1840  WnKATLEY,  Charles,  Sands  House,  Mirfield. 

1890  White,  J.  Fletcher,  F.G.S.,  15,  Wentworth  Street,  Wake- 
field. 

1881* Whiteley,  Fkehk.,  Cliire  Road,  Hahfax. 

1898  Whitmell,  Chas.  T.,  M.A.,  Invermay,  Headingley,  Leeds. 

1896  WiGHAM,  Frederick  Hexry,  F.G.S.,  The  Towers,  St.  John's, 

Wakefield. 

1889  Wilkinson,  J.  J.,  Burnside,  Skipton. 

1894  Williams,  W.  Clement,  F.R.I.B.A.,  George  Street,  Halifax. 

1890  Wasos,  Edmusd,   Denison  Hall,  Leeds. 
1894  Wilson,  J.  K,  Yew  Bank  House,  Ilkley. 

1897  Wii^os,  J.  Mitchell,  M.D.,  51,  Hull  Gate,  Duncaster, 
1878  WooDiiEAD,  Joseph,  J. P.,  Lougdeiiholme,  Huddersfield. 
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